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„He, kan dat dan bij zulke hoge gebouwen?” 


„Of dat kan? Natuurlijk man, hoogovencement kun je voor elk bouwwerk 
gebruiken! Laat je maar eens de druksterkte- en treksterktecijfers van 
ENCI Hofanorm, ENCI Hofalite en CEMIJ-cement voorleggen, dan zul 


je zien welk een superieur bouwmateriaal dit is.” 
„Is hoogovencement dan niet minder duurzaam?” 


„Nee, het is juist bijzonder goed bestand tegen. invloeden van weer en 
wind, en het is bij uitstek geschikt voor objecten die aan rookgassen zijn 
blootgesteld. En dan nog een kleine bijkomstigheid ... het spaart mij 


een paar slordige lapjes van duizendI” 


Bouwen is duur. Ik maak ’t niet duurder dan nodig is. Ik bouw met Nederlands hoogovencement en bespaar f3.- per t&ı 


VERKOOPASSOCIATIE ENCI-CEMIY N.V, - HERENGRACHT 507 - AMSTERDAM - TEL. 385 31 (6 lijnen 


Ook bij de wagonbouw weet men wat SG ijzer waard is] 


Aspotten voor wagons: een goed woorbeelch fü IM Ham UaaEı u Ham Ma EEE HE HE N BE 


van een geheel bewerkt serieprodukt. SG TYPE C 
Materiaal: SG ijzer type C. (sferoidaal grafiet gietijzer) 
Waarom SG ijzer? De goede bewerkbaarheid, TREKSTERKTE 


de hoogwaardigheid en vooral ook de 
betrouwbaarheid van dit materiaal 
ziin beslissend voor de fabrikanten van 
de aslagers om SG te kiezen 


42-55 kg/mm? 
ELASTICITEITSGRENS 
32-45 kg/mm? 


REK 
voor de aspotten. 10-20 %, 
BRINELL WAARDE 
TECHNISCHE 160-210 


Machine-industrie - chemische 
industrie- appendage-industrie- 
motoren-industrie - transport 
installaties - electrotechnische 
industrie - wegenbouwmachi- 
nes - rollend materieel - mijn- 
bouw-industrie - constructie- 
bouw - landbouwmachines. 
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Het meesterteken op 
alle Vulcanus-gietwerk 


Onze afdeling Technische Werk- 
voorbereiding en ons Laborato- 
rium dienen U graag van advies 
bij vormgeving en materiaalkeu- 
ze van het gietstuk. 
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Met name de lucht, die U met behulp van compressoren 
moet samenpersen voor de ventilatie van tunnel, fabriek of mi 
voor het aanblazen van hoogovens of andere ovens. 


Opdat die lucht U niet meer zal kosten dan strikt nodig is, 
doet U er goed aan vrijblijvend offerte te vragen aan G.H. 
sinds 1904 bouwers van turbines, 

compressoren, turbo-ventilatoren en gaszuigers. 
Leveranciers van meer dan de helft van alle turbine- 
en electrisch gedreven mijncompressoren 

en gascompressie-installaties in West-Duitsland. 


Hierbij is afgebeeld een G.H.H. turbocomptressotr, 

max. aanzuigcapaciteit 100.000 m®/h, einddruk 8 ato, 
met aandrijving door 

G.H.H.-turbine 11600 pk/8500 kW, 5300/5700 omw./min. 


GUTEHOFFNUNGSHÜTTE 
STERKRADE AKTIENGESELLSCHAFT 


ALEXANDERSTRAAT 10 -DEN HAAG 


“00000000000 
“00000000000. 


BUKANTOOR VOOR LIMBURG: DIPL. ING. F. J. HUNDSCHEID, AKERSTRAAT 130 A - HE 


j Hydraulische 
seem raambouwen 


OCKNER-FERROMATIK 


it de transporteur, zichtbaar ter linker zijde, nog iets verder zal zijn opgeschoven, zullen de 
» stempels uit de tweede rij drukloos worden gemaakt. 

orizontaal liggende diagonale cylinder zal druk boven de zuiger kriigen en zich daardoor 
yrten, waardoor de stempels uit de tweede rij voorwaarts zullen bewegen, scharnierend om 
‚eide stempels uit de voorste rij. Zij zullen daarna weer onder druk gezet worden en de 


bouw zal &&n schrede hebben afgelegd. 
t de gehele peiler op deze wijze &&n schrede gemaakt heeft, zullen de stempels uit de 


te rij het spel herhalen. 


DU CROO & BRAUNS 


AMSTERDAM 


Voor dit gigantische werk is een geweldig arsenaal van Atlas Copco pne 
matisch gereedschap in gebruik. Achter dit materiaal staan 70 jaren ervari: 
in de meest uiteenlopende mijnbouwkundige werken in alle delen van | 
wereld. De machtige prestaties zoals die nu bv. in de Mont Blanc tunr 


ANDVIRK 


geleverd worden, zijn mogelijk mede dankzij Coromant boorstalen. 


Sltlas Copco LEVERT DRUKLUCHT VOOR ELK WERK TER WEREI 


ATLAS COPCO HOLLAND N.V. - BREEVAARTSTRAAT 48 - ROTTERDAM - TEL. 0.10 - 351 
BEKKERWEG 52 - HEERLEN - TEL. 0.4440 - 55.44 
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GEOLOGIE EN MIJNBOUW 


RHEO-IGNIMBRITE OF THE RAMNES VOLCANO, PERMIAN, OSLO GRABEN 


M. G. RUTTEN & R. ©. VAN EVERDINGEN1 


ABSTRACT 


The Ramnes structure lies within the permian 


igneous rocks of the Oslo Graben, west of Tönsberg.- 


A granular inner oval of kjelsäsite is surrounded by 
porphyric rocks of a more acid composition. 

Originally interpreted as a laccolite with its acid 
marginal facies, we think it is a cross section through 
an ignimbritic volcano. The porphyritic mantle is 
formed by former ignimbrite fluidised tuff flows, and 
shows rheo-ignimbritic structures. The core is formed 
by the crater filling, which melted when the eruption 
stopped and then recrystallised as a granular rock. The 
difference in chemical composition between core and 
mantle rocks is thought to be due to selective degassing 
during eruption. 


INTRODUCTION 


The Ramnes area, situated near Tönsberg in 
Vestfold in the southern part of the Oslo Graben, 
has been mapped by Brögger and Schetelig (1926, 
sheets 1: 100.000 Tönsberg-Larvik and Moss). 
Its petrography was summarised by Brögger 
(1934, p. 126-130), who lists 13 chemical analyses. 
Since, Barth (1945) has modernised the petro- 
graphic nomenclature. Oftedahl (1952) studied 
the stratigraphy of the surrounding series of 
rhombporphyry „lavas”, whilst the same author 
in 1957 thinks that syenite porphyries, forming 
the mantle of the Ramnes area and also occurring 
further north, are surface deposits of an ignim- 
britic type. These porphyries were formerly in- 
dicated as acid facies of kjelsäsites and thought 
to represent intrusives. 

The classical picture of the Ramnes area is 
that of a window of plutonic rocks through the 
rhombporphyry lava cover. The central part of 
this window forms an oval, some 10 km across. 
It is mainly formed by kjelsäsite a syenitic to 


u _Mineralogisch-Geologisch Instituut, Utrecht, Hol- 
land (M.G.R.) and Federal Geological Mining Service, 
Tripoli, Libya (R.O.vE). 


granitic rock, with some larvikite, a syenite, and 
quartz porphyry present. The mantle of porhy- 
ritic rocks, those mapped as acid facies of the 
kjelsäsite, petrographically and chemically belong 
to the groups of nordmarkite, pulaskite and 
ekerite; syenitic to granitic rocks. In contrast to 
the main body of permian lavas in the Oslo gra- 
ben, the rhombporphyries, related to the larviki- 
tes, they were called syenite porphyries by the 
second author. 

This mantle of syenite porphyries surrounding 
the granular kjelsäsite, is very asymmetrical. In 
the west and northwest it is broad, up to 5 km 
in width. It is much narrower in the northheast 
and south, and — according to the map, it is 
even lacking in the southeast. Although this 
might be due party to a primary asymmetric 
volcanic structure, it is mainly caused by the 
general slight westward tilt of the permian strata, 
which averages about 5° in Vestfold. Because of 
this a much wider rim of mantle rocks escaped 
subsequent erosion at the western side of the area 
than on its eastern side. As no indications for a 
primarily asymmetric structure have been found 
as yet, a hypothetical symmetric volcano has been 
postulated in the sections of fig. 2. 

The syenite porphyries forming the mantle of 
the Ramnes area to the north border upon a 
zone of alternating flows of rhombporphyry and 
syenite porphyry, trending almost due north. The 
latter syenite porphyry zones, though petrographi- 
cally similar to the Ramnes rocks, and actually 
mapped as „acid facies of kjelsäsite” on sheet 
Moss, structurally have nothing to do with Ram- 
nes proper. As mapped by the second author, 
these are flows which erupted from a volcano, 
or from several volcanoes, near Hillestad, 15 km 
north of the northern border of the Ramnes 
syenite porphyries at Kjönnerud. 


Gishl 


'Larvikite 
Kjelsäsite 
Syenite porphyry 


Fig. 1 — The Ramnes volcano in th 


e Oslo Graben. Geology from Oftedahl, 11952. Points 1-9: approximate 
location of analyses listed in Brögger, 1934. Points 9-12: Location of theo-ignimbritic 


structures, Point 11: 
location of Paleomagnetic check. 


We quite agree with Oftedahl (1957) that 
these syenite porphyry flows between Ramnes 
and Hillestad, which alternate with rhomb- 
porphyty flows, are due to ignimbritic eruptions, 
and were formed by fluidised tuff flows and not 
by lavas. We take, however, a more extreme 
standpoint in holding that both thombporphyry 
and syenite porphyry flows in all of the Oslo 
Graben are ignimbritic fluidised tuff flows and 
not lavas. This viewpoint, though under discus- 
sion since we visited the Oslo area under the 


‚ guidance of Dr. J. A. Dons in 1955, has only 


recently been stated in writing by the second 


' author in his thesis (van Everdingen, 1959). We 
' will not go into the pro and cons of this question 


here. Ignimbrites were, however, quite the topic 
when the senior author, met prof. Oftedahl on 
the Monte Amiata in Italy upon the kind in- 
vitation of professor Rittmann, to study the rheo- 
ignimbrites of that volcano of the Upper Plio- 
cene. 

Prof. Oftedahl then pointed out that very 
puzzling features were to be found in the per- 
mian rocks of the Ramnes area too. These struc- 
tures are quite different from those normally 
prevailing in the extrusives of the Oslo Graben. 

Although we take of course full responsibility 
for the views developed in this paper, we want 
to state that any results obtained proceed from 
the kindness of proffs. Rittmann and Oftedahl. 
The first, by inviting us to the Monte Amiata 
and showing us rheo-ignimbrites, delivered to 
us the key to the understanding of the Ramnes 
area. The second, in mentioning the existence of 
those puzzling structures near Ramnes, guided us 
to the study of this area, and ultimately to the 
discovery of rheo-ignimbrites of Permian age. 


RHEO-IGNIMBRITES AT RAMNES 


Rheo-ignimbrites, according to Rittmann, 
(1958), may develop when an ignimbritic tuff 
flow comes to rest upon a slope. The fluidised 
mass of solids and gas, plus perhaps drops of 
fluids, loses most of its gas and settles. It still 
is, however, very hot. In the basal part of the 
newly settled ignimbritic flow liquification may 
then occur as a secondary phenomenon. At that 
time the upper part of the same flow may not 
remelt, remaining a brecciaceous mass formed by 
the solid particles and larger components of the 
original fluidised tuff mass. 

Remelting of the basal part of a newly settled 
tuff flow will produce locally the characteristics 
normally found in a lava, such as flowstructures. 
Naturally their development is dependent upon 
the fact if such secondary liquification takes place 
in a given ignimbritic flow or not. 


51 
lf this occurs in an ‚ignimbrite that comes to 
rest on a slope, this basal, secondarily liquified 
part of the tuff mass will tend to flow downhill. 
Because of the smaller resistance offered by the 
still loosely brecciaceous upper part of the same 
tuff flow, the secondary „lava” from the basal 
part will intrude into the brecciaceous upper 
part. In some cases the secondary „lava” will even 
extrude through its own breccia cover. For this 
abnormal type of ignimbrites which shows 
evidence of secondary liquification and flowing, 
Rittmann proposed the term rheo-ignimbrite. 

The secondary „lava” shows very strong fluidal 
lamination. The latter will, at the outer face of 
the rheo-ignimbrite, normally dip steeply towards 
the centre of eruption. But many local deviations 
do occur. Also, the upper part of the tuff flow, 
through which the secondary „lava” from its own 
basal part pushes outwards and upwards, is very 
much broken up in the process. 

All around a volcanic cone, in one ignimbritic 
flow after another, such secondary flow struc- 
tures may develop. The secondary „lava” as a 
matter of course weathers less quickly than the 
brecciaceous upper parts of the tuff masses. Con- 
sequently, these curved segments of lava, all 
thinly laminated, and generally dipping steeply 
centripetally, stand out on the volcanoes flank as 
so many wrinkles. This simile is so evident that 
Rittmann currently uses the italian word ruga 
(= wrinkle), to describe the rheo-ignimbritic 
„java flows’ on the flanks of Monte Amiata in 
Italy. 

Similar structures to those described from the 
Upper Pliocene Monte Amiata volcano are found 
in the Permian Ramnes volcano in the Oslo Gra- 
ben. A difference, obviously exists in that in 
Ramnes we see an old, eroded volcano, at least 
1 km below its former summit, whereas in Monte 
Amiata erosion has hardly begun. Whilst we can 
study the outer surface of Monte Amiata, Ram- 
nes offers us a cross section at a much deeper 
level. 

Good exposures are found along the old road 
leading from Ramnes towards the northwest, to 
Kjönnerud, and from there westwards to Sjue. 
The coarsely granular kjelsäsite of the central 
Ramnes area extends a couple of hundred meters 
further northwest than is indicated on the geo- 
logic map. It then changes very gently into a 
porphyritic rock. First comes a zone with large 
plagioclases in a coarsely granular mass. Then 
follow rocks with a typical granular groundmass 
and small phenocrysts. 

Near Gisleröd, less than 2 km northwest of the 
outer border of the kjelsäsite, the first irre- 
gularities occur. Fluidal texture is well developed. 
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It mainly shows centripetal strike and dip, about 
N.35 E30 SE., but other positions are also 
found. Similar outcrops follow along the road up 
to Kjönnerud, were brecciaceous rocks and „la- 
vas”, thinly laminated through strong fluidal 
texture, are found in great irregularity. Here the 
colour of the breccias changes to whitish, con- 
trasting with the reddish colour of the kjelsäsite 
and the porphyritic rocks found up to now. This 
may be due to a different habit of the iron, such 
as magnetite versus finely disseminated haema- 
tite, and need not be an indication of a big che- 
mical difference. According to the Brögger ana- 
lyses variations in chemical! composition are not 
very large. 

Towards the west these whitish breccias pre- 
dominate, but here and there finely laminated 
„lavas” with fluidal texture are found. These show 
steep, centripetal dips, such as is indicated in 
fig. 1, point 11. 

Eastwards from Kjönnerud, fig. 1, point 12, 
to the north of Ramnes, similar laminar rocks are 
met with, also showing centripetal dip. In the 
southwestern part of the Ramnes structure, a 
comparable situation is observed. The exposures 
are, however, masked by woods and, owing to 
the short time available for our reconnaissance, 
no details can be given. 


The main points of the Ramnes structure thus 
are, first the gradual transition from the central 
granular kjelsäsite to the porphyritic rocks of the 
inner mantle. And second, the occurrence of 
thinly laminated rocks with steep dips, irregularly 
intercalated in the brecciaceous rocks of the outer 
mantle. 


Fluidal texture is also found, but less well ex- 
pressed, in several of the Hillestad syenite porp- 
hyry flows further north. But it is always situated 
there at the base of an individual flow, and it 
always shows a very quiet habit, parallel to the 
slight regional westward tilt of the permian strata. 
This regularly structured fluidal texture at the 
base of a syenite porphyry may develop when a 
fluidised flow settles horizontally, whereupon its 
basal part may liquify temporarily. In the Ram- 
nes syenite porphyries, on the other hand, gravity 
played upon quite similar rockmelts. The only 


difference being that they developed on the cone 
of the Ramnes volcano, and tended to flow 
downhill. | 
It is, of course, possible to postulate local 
tectonic movements of a highly varied direction 
and intensity and affecting extremely small areas, 
to account for the position of the steeply dipping 
syenite porphyries in the outer mantle of Ram- 
nes. This is, however, highly improbable in view 
of the general tectonics of the Oslo Graben. As, 
on the other hand, the overall picture of steeply 
dipping, laminated „lavas” alternating with brec- 
ciaceous rocks, exactly matches that of the rheo- 
ignimbrites of the Monte Amiata, an explanation 
as permian rheo-ignimbrites of the Ramnes 
volcano seems highly preferable. 


PALEOMAGNETIC CHECK 


In general, paleomagnetism may help to eluci- 
date problems in volcanology. As a first step to 
test this method in the Ramnes area, two loca- 
lities were sampled. One, point 10 in fig. 1, isa 
whitish breccia between Kjönnerud and Sjue. The 
other locality, point 11, lies about 1 km further 
southwest. Here three samples of a thinly laminar 
„lava” with strongly developed fluidal texture 
were taken. Its position is N. 5° E./57° E. Both 
localities belong to the outer mantle of the Ram- 
nes volcano. 

The breccia of point 10 has no thermo 
remanent magnetism. It loses practically all of its 
remanent magnetism during magnetic cleaning. 
This may indicate that the settling of the fluidised 
tuff flow took place below the Curie temperature 
of about 500°—600° C. The solid particles of 
the fluidised system, still moving after they 
acquired thermo remanent magnetism, took up 
random magnetic orientation, and so the rock 
itself has no orientation. This is contrary to our 
experience in normal tuffbreccias, and also in 
other ignimbrites where individual fragments 
show a magnetic orientation concordant with the 
contemparary earth field. The latter fragments 
acquired their thermo remanent magnetism only 
after settling. (Den Boer, 1957; Rutten, 1959). 

The laminated rocks of point 11 do show 
thermo remanent magnetism. Its orientation is: 


m DE ee EEE NEE 


total remanent „cleaned” idem, corrected 
Specimen magnetisation magnetisation for dip 

A 185.5°/— 39° 183° /—36° 2160%/—19° 

B 180.5°/— 41.59 181°/—42.5° 222.50 /—24° 

® 183° /—36° 184° /—42.5° 221.5°/—21° 


DT a a EEE a oT Son een nn ET ER 


The average direction of thermo remanent 
magnetisation of the permian Oslo rocks cor- 
tected for dip is 204° /—36°. There is, however, 
an indication of appreciable secular variation 
during the Permian, The average position of the 
temanent magnetisation for the Hillestad syenite 
porphyries, which are roughly contemporary with 
the Ramnes rocks, is 215° /44°, as against 


208°/39° for the youngest rhombporphyries of 


the RP 17 series, (van Everdingen, 1959). This 
agrees very well with the magnetic orientation 
of the steeply dipping, laminated „lavas” of point 
ll, when corrected for that dip. Here also is an 
indication that the rocks acquired their present 


‚ position only after having cooled below the Curie 


point. It rules out the formation of these rocks 
as a kind of ring dike or cone sheet. 

It will be interesting to know, where the 
paleomagnetic transition occurs towards the 
central part, where more normal conditions will 


prevail. A detailed analysis of many hundreds of. 


oriented samples will, however, be necessary for 
this study. Moreover, it would be well to compare 
the paleomagnetism of Ramnes with that of the 
Monte Amiata in Italy, to provide for an ac- 
tualistic counterpart. The only conclusion that 
can be drawn at present is, that paleomagnetic 
analysis will eventually be a helpful tool in a 
more thorough investigation of the Ramnes 
volcano. 


HISTORY OF RAMNES VOLCANO 


The history of Ramnes volcano has been sche- 
matically drawn in fig. 2, a—e. This is based 
upon the northern part of the structure, where 
its products overlie lower rhombporphyry flows 
RP, and RPs, and are in turn capped by flows 
from the RP}, series. In the south, compli- 
cations are found in that intermediate rhomb- 
porphyry flows reach far to the west. Moreover, 
larvikite and quarzporphyry occur in the central 
area. These complications have not been taken 
into account in the sections. 

The eruptive history of Ramnes begins with 
ignimbritic tuff flows emanating from a small 
vent. Their actual size is unknown at present. 
The eruptions were characterised by a low ex- 
plosivity and very low viscosity. The fluidised 
mass just bubbled over a low crater rim and 
extended more or less far around (a). 

Notwithstanding the high mobility of the 
fluidised tuff flows, the central cone gradually 
became so high that rheo-ignimbritic structures 
developed in a number of tuff flows. This may 
perhaps have been the case with smaller eruptions, 
whereas larger eruptions still flowed out to settle 
beyond the cone. These details could be found 
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out by more fieldwork, but they are not im- 
portant for the general picture (b). 

Upon termination of the Ramnes volcanic 
activity, the crater itself was filled with fluidised 
tuff. This then de-gassed and contracted. The 
mass of tuff in the crater was, of course, still 
very hot, so all but its upper part will have 
remelted. Upon cooling, this secondary liquid 
then slowly crystallised as a granular, „abyssal” 
rock. The secondary liquification is, however, no 
longer related to real volcanic activity. The 
former fluidised tuff mass just sat in the crater 
vent, where it liquified, then cocled and 
erystallised. Consequently, there are no dikes 
around the central area of kjelsäsite, such as one 
would expect if it really were an intrusion, 10 km 
across. 

Later, new volcanic activity started further 
westwards, which formed the youngest rhomb- 
porphyry flows of the RPı- series. These partly 
covered the flank of the extinct Ramnes 
volcano (c). 

Tilting, related to the graben tectonics, and 
subsequent erosion, thereafter combined to form 
the present day situation at Ramnes (d and e). 


MAGMATIC VERSUS VOLCANIC 
DIFFERENTIATION 

Brögger (1934, p. 128-130 and earlier pu- 
blications) paid special attention to the che- 
mistry of the Ramnes rocks. Thirteen analyses 
were published of the central kjelsäsite, larvikite 
and quartzporphyry and of the „acid facies” of 
the mantle. Nine out of thirteen, from the cen- 
tral kjelsäsite and from the „acid facies” ignim- 
britic syenite porphyries of the mantle, are re- 
produced in table 1. Their location is given in 
Most: 

In Brögger's view the central kjelsäsite is a 
laccolite, whilst the more acid rocks of the mantle 
are formed by magmatic differentiation. So ori- 
ginally a close genetic relationship between the 
central kjelsäsite and the rocks of the mantle 
was assumed. 

Oftedahl (1957) interpreted the mantle rocks 
as supracrustal, presumably welded tuffs or 
ignimbrites. The plutonic character of the central 
kjelsäsite was, however, retained. There ıs, in 
his view, no direct relationship between the 
central part and the mantle of the Ramnes struc- 
ture, although in the field such a relationship 
does seem very likely. 

In our opinion a direct genetic relationship 
between these rocks is again established. They 
belong to one and the same volcano, the central 
rocks being formed in the crater vent, the mantle 
rocks on the outer side of the cone. If this inter- 
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pretation is valid, the differences in petrography 
and in chemical composition must be due to 
some process operating during volcanic activity. 
It seems appropriate to note that the differen- 
tiation of the Ramnes rocks, be it magmatic or 
volcanic, is somewhat peculiar. There is a distinct 
increase in acidity from the central kjelsäsite 
(SiO, from 56% to 58.5% in analyses 1 to 3) 
to the rocks of the mantle (up to 71.5% SiOs in 
analysis 9). This is, however, not only due to a 
relative increase of SiO,, but is coupled with a 
diminishing of CaO and MgO, almost to zero 
(from 2.38% MgO and 5.6% CaO in analyses 1 
to 3 t00% MgO and 0.3% CaO in analyses 9). 
There is also less pronounced loss of iron but 
the other components remain more or less con- 
stant. The latter phenomenon is well expressed 
in Table 2, where the relative amounts of the 
nine analyses are presented as quotients of the 
SiO, percentage of the rock. Instead of a dif- 
ferentiation towards acidity, we may just as well 
speak of a differentiation through loss of CaO, 
MgO and some iron. 

This differentiation does not show regular 
variation from the centre towards the outer part 
of the mantle. Analyses 5, 6 and 7, of intermediate 
acidity, and possibly belonging to the same tuff 
flow, are found near Andebu, at the western 
limit of the Ramnes structure. Analyses 8 and 9, 
on the other hand, representing the most acid 
Ramnes rocks known, are found well inwards 
within the mantle. 


In the model of volcanic differentiation, it 
must be assumed that loss of CaO, MgO and 
some iron is sustained during each eruption. The 
actual amount lost may vary from eruption to 
eruption. 

We are aware of the heretical nature of the 
hypothesis of volcanic differentiation. It must, 
however, be remembered that the actual factors 
governing ignimbritic eruptions are still badly 
known. Up to some years ago volcanic activity 
was always explained in two models only, e.g. 
that of a flow of molten lava or that of a true 
ash rain forming windborn tuffs. A third model 
has now been proposed that of the ignimbrite 
or fluidised tuff flow; a two-phase or even 
three-phase system. A critical study of many such 
tuff flows will be necessary to formulate general 
laws governing such eruptions. Only then will it 
be possible to distinguish the general characters 
from variations due to local factors of physico- 
chemical and environmental nature. 

If we accept the mantle rocks of the Ramnes 
structure as surface rocks, it just follows that the 
central kjelsäsite is volcanic in nature too, The 
relation in the field between mantle rocks and 


[e) 
oa 
o _Q@" 
ES . 
880..0.0.0.0 0..05,0 0° END 
oo 0°o°0°o 0 oo op Ban 
BO. « JR > OR > TOE.- POR= PER STR ER Er See 


u 


RPI-2 


eoosoonuen nn anne nern. 


bresseeereaeennennnnnnet 


RPI-2 


000 
o 0 


RP17 


— Vivestad 


° 
Oo 
c 
vo 
& 
<{ 
u 
[6] 
© 
c 


ignimorite flows 


o00o0 
0.0.0000 00 
0.07.9070 70/.0.70 


RP.I-2 


o 


oo 


o°o 
o 


RPaI—2 


with rheo-ignimbritic D 
structures 
WSWw ENE 


F 


Initial volcanism following the de- 
position of the lower rhombporphy- 
ry flows RPı and RP». The crater 
is filled with fluidised tuff, which 
bubbles over, forming ignimbritic 
tuff flows. Scale: horizontal 

1: 200.000, vertical 1: 40.000. 


On the cone built up by earlier 
eruptions rheo-ignimbrites develop. 
The volcanic activity of Ramnes 
volcano ends. Scale: horizontal 
1:200.000, vertical 1 : 40.000. 


The fluidised tuff remaining in the 
crater degasses and settles down. It 
is so hot still chat liquification 
takes place, followed by crystalli- 
sation to a coarsely granular kjel- 
säsite. 

New volcanic activity further west 
leads to the eruption of several 
flows of the rhombporphyry series 
RPı7. The volcanic activity of the 
Permian ends. Tilting and erosion 
will take place to produce the pre- 
sent-day topography, which is in- 
dicated. Scale: horizontal 1:200.000, 
vertical 1: 40.000. 


This gives essentially the same 
Picture as C, but is the present day 
situation. The regional dip accounts | 
for the apparent asymmetry of the | 
Ramnes structure. Scale: horizontal 

1: 200.000, vertical 1: 40.000. 


The same section as D, but on natu- 
ral scale 1: 200.000. 


Fig. 2 — Eruptive history and section of the Ramnes volcano. 


central kjelsäsite is too evident to deny this. 
There is no break between the central kjelsäsite 
and the mantle, where the distinction between 
supracrustal and infracrustal rocks could be drawn. 
In the old model of lavaflows this relationship 
is difficult to explain. In the new model of ig- 
nimbritic eruption, the genetic relationship is 
self-evident, as has been shown in fig. 2. If then 
this phenomenon is accompanied by a peculiar 
sort of differentiation, we have to accept this 
as belenging to the mode of ignimbritic eruption. 
It may be pointed out that such a differen- 
‚ tiation has been going on under conditions ra- 
‚ dically different from those occurring during 
‚ magmatic differentiation. In ignimbritic diffe- 
‚ rentiation they are: high temperature and low 
‚ — almost atmospheric — pressure. A thorough 
and detailed investigation of the Ramnes struc- 


ture in the light of these new possibilties seems 
indicated. 


RHEO-IGNIMBRITES IN THE GLITTREVANN 
CAULDRON 

Ignimbritic flows of syenite porphyry and 
quarz porphyry occur in the southwestern part 
of the Glittrevann cauldron near Drammen. They 
are exposed along the private road leading to 
Yttrevann and Ulvann through the valley of the 
Sagelven. (Compare map in Oftedahl 1953, 
fig. 6). With Oftedahl (1957) we interpret these 
rocks as supracrustal, and not as a part of the 
cauldron ringdike, as had originally been supposed. 

There are at least two separate quartz porphyry 
flows exposed along Sagelven. Each flow has a 
more lava like basal part with subhorizontal 
laminar structure, and a brecciaceous top part. 
The flows can be distinguished by the size and 
shape of their phenocrysts, just as in the rhomb- 
porphyry flows. Both below and above the quarz- 
porphyries are at least one syenite porphyry 
flow. They also show subhorizontal laminar struc- 
ture at their base and a brecciaceous structure 
at the top. So far, they represent normal ignim- 
britic tuff flows, which came to rest on a hori- 
zontal or a nearly horizontal surface. 

The road then skirts the basalt area (B,) and 
again enters into syenite porphyries. The latter 
show beautiful rheo-ignimbritic structures. La- 
minated rocks with strongly developed fluidal 
structure, and dipping strongly centripetally, up 
to 70°, alternate with leucocratic, more or less 
brecciaceous tuffs. 

The rheo-ignimbrites are, in turn, underlain 
by a massive, coarsely granular syenite porphyry, 
which, around Yttrevann, grades into the coarsely 
granular central aplite granite. This situation is 
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strikingly similar to that of the central kjelsäsite 
and its porphyritic border zone at Ramnes. A 
comparable gradual transition between the central 
aplitic granite and a bordering zone of quarz 
porphyry wich flow structure is indicated by 
Oftedahl (1953, p. 55; 1957, p. 14) for the 
eastern area of the Glittrevann Cauldron. 

At present the main interest of the rheo-ignim- 
brites of the Glittrevann cauldron lies in the fact 
that permian rheo-ignimbrites do not seem to 
be an absolute rarity. The Glittrevann rocks 
corroborate the facts described from Ramnes. 

It is, moreover, probable that rheo-ignimbrites 
will occur elsewhere in the Glittrevann cauldron. 
A further study seems indicated, in comparison 
with Ramnes. This promises to be interesting 
because, though structurally similar, the rocks of 
the Glittrevann cauldron are generally more acid 
and petrographically distinct from those found at 
Ramnes. In Glittrevann, however, the volcano- 
logical picture is complicated by the later cauldron 
subsidence. 
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ZIRCONS OF SOME METAMORPHIC AND INTRUSIVE ROCKS FROM THE 
ASTON- AND HOSPITALET MASSIFS (CENTRAL PYRENEES) 


G. W. VERSPYCK ! 


ABSTRACT 


It is believed that the shape of zircon gives valuable 
information on the origin of metamorphic rocks; there- 
fore several rocks have been examined on the habit of 
their zircons. Intrusive granodiorites and two types of 
metamorphic rocks all have different zircon. Several 
ways of representing the different observations have 
been used. The results of this study do not contradict 
the data compiled before, but form a valuable com- 
plement. Migmatites and quartzdiorites seem to have 
originated from a, possibly pelitic, sediment. Leucocratic 


gneisses possibly originated from a more sandy 
sediment. 
INTRODUCTION 
The Aston- and Hospitalet massifs form 


together the northern and metamorphic part of 
the axial zone of the Central Pyrenees,. 

During the summers of 1956—'59 this area 
has been mapped by Dr. H. J. Zwart, J. F. Lapre 
and G. W. Verspyck. A simplified map is given 
here (fig. 1), while a detailed map and description 
are in preparation. This publication in only con- 
cerned with the information necessary to the 
zircon study. 

The Aston- and Hospitalet massifs constitute 
together a dome with a core of regional meta- 
morphic rocks. The two massifs are separated by 
a large E-W running fault. Both massifs consist 
of a metamorphosed Cambro-Ordovician covered 
by slightly or non metamorphic sediments of 
younger palaeozoic age. 

The following rocktypes were examined on the 
habit of their zircon content: 

l. metamorphic rocks of the phyllite-quartz- 

diorite series 
. Jeucocratic gneisses 
. Intrusive granodiorites 

some rocks of adjacent areas 
Ta the field a continuous series of metamorphic 


1 Get Instituut, 
Hague, Netherlands. 


ON 


Leiden. Now c/o B..P.M., the 


rocks can be observed: 

a. sericite phyllites with intercalated quartzite 

beds 

b. micaschists with increasing grade of meta- 

morphism towards the dome centre 

c. sillimanite gneisses with migmatitic struc- 

ture (for convenience they will be called 
migmatites) 

d. nebulites and quartzdiorites 

These rocks form transition zones from the 
one to the other and their separation is often 
arbitrary, and therefore it is believed that even 
the migmatites and quartzdiorites are of sedi- 
mentary origin. Chemical relation (e.g. high Al 
content) and field and microscopic evidence 
point to the same direction. On the following 
pages the four rocktypes together will be called 
metasediments. 

In the core of the dome leucocratic gneisses 
occur, their composition is granitic and the 
boundary between these and the above mentioned 
rocks is fairly sharp. The gneisses occur in dif- 
ferent structural types, but mineralogically they 
are homogenous. Aplitic, granitic and pegmatitic 
bodies and dikes locally replace the gneisses. 
Andalusite micaschists, migmatites and quartz- 
diorites are rich in pegmatites, most of which do 
not show intrusive characteristics. 

The greatest problem concerning the genesis 
of the different rocks in this area, is the origin 
of the gneisses. This zircon study was undertaken 
to give more information on that problem. 

The starting point was the work of Polder- 
vaart and his ideas about the stability of zircon. 
The morphology of this mineral is supposed not 
to be changed by rock metamorphism and de- 
formation (Poldervaart 1950 and 1955), except 
by the formation of some outgrowths and over- 
growths (Poldervaart and Eckelmann 1955). 

Zircon has been investigated from one or 
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Fig. 1 — Part of the provisional 1 : 200.000 


map of the Central Pyrenees by 
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more samples of each of the most important rocks 
of our area and also from two younger intrusive 
granodiorites occurring just outside the area of 
regional metamorphism. For comparison one 
quartzdiorite from the Trois Seigneurs massif 
(Allaart 1958), one augengneiss from the St. 
Barthelemy massif (Zwart 1954 and 1959), a 
carboniferous sandstone from Sost (Hte. Pyr.) and 
a villefrancien sand from Ille (Pyr. Or.), all 
located in the Pyrenees, have been examined on 
their zircon content. Table 1 lists the samples 
used and the rocktypes they represent. 


METHOD OF SEPARATION AND COUNTING 


In order to liberate the zircon from the rock 
Poldervaart’s method has been used (Poldervaart 
1955), with the difference however, that in our 
case the separation with bromoform was always 
preceded by the boiling with concentrated HCl. 
The whole fraction <210 u. was used, but with 
the washing away of the HCl a part of the light 
minerals of the clay fraction got lost. A sample 
taken at random showed that the fraction 
>210 u did not contain zircon grains, but 
carried some zircon in rock fragments. This can 
hardly be avoided, because when the rock is 
crushed very fine (all grains becoming smaller 
than 210 u) many zircon cıystals may break 
down. From literature it is known that also 
uncrushed rocks often contain broken zircon 
(e.g. Larsen and Poldervaart 1957). Hoppe (1957) 
found broken zircon in autochtonous kaoline. One 
of our camples (the sand O 62) has not been 
crushed and still contains much broken zircon. 

The magnetic separation is a very delicate 
matter, if the magnetic field is too strong, part 
of the zircon will be lost; if the field is not 
strong enough other minerals (e.g. garnet) may 
remain in the zircon fraction. 

All of the zircon was mounted on one or more 
slides and 200 unbroken grains were measured 
and classified. Measurements were taken with a 
magnification of 150 x. Our purpose was to get 
the numbers of grains of different types and 
their individual dimensions. The point-counter 
method is meant to give the percentage of a 
certain mineral in a thin section, large grains 
have a greater chance to be hit than small ones. 


ie 


Fig. 2 — The counting methods. Our method counts 

only the dotted grains, the others have their centre 

outside the strip. The „lijntelling” counts 2 large and 2 

small ones. The point-counter method (the supposed 

points are drawn as small triangles) counts 2 small 
grains and one large grain twice. 


The method of counting along lines („lijntelling” 
of Edelman en Doeglas 1933) has the same 
defect. Smithon (1939 p. 350) carries out a rough 
correction for this error, but perhaps it is easier 
and more accurate to use another counting 
method. The method used here is due to Mr. F. 
Kalsbeek; counted are only those grains that pass 
with their centre through a certain strip marked 
on the micrometer ocular (fig. 2). It is of no 
importance whether the grain touches the cross- 
hair intersection or not. 

Samples of pure phyllite did not yield enough 
zircon for statistical work, neither did the leu- 
cocratic pegmatites. Micaschist samples 121 and 
253 were also poor in zircon, but it was possible 
to measure 200 grains without taking the risk of 
counting grains twice. The St. Barthelemy sample 
yielded few but large zircon grains, most of the 
other samples contained thousands of zircons. 

Of several observations that can be taken, it is 
believed that crystal habit, size and elongation, 
and rounding are important in our samples, while 
the colour was mostly weak or absent and no 
reliable quality for statistical work. 


1. Crystal habit 
The zircons of the two granodiorites are very 
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a. (100) and (110) prism faces, granodiorite Bas., 375 x. 

b. edge formed by (111) faces, granodiorite D 22, 375 x. 

c. zoning followed by inclusions, quartzdiorite T.S., 
Do 

d. (311) more important in lower tremination, gra- 
nodiorite D 22, 375 x. 

e. broad zones in rounded grain, augengneiss S.B,, 
MISE 


f. crystals grown together, granodiorite Bas:, 375 x. 
g. zircon of the granodiorite D 22, 135 x. 

h. zircon of the gneiss 230, 135 x. 

i. zircon of the migmatite A 25, 135 x. 

j-. zircon of the gneiss 232, 135 x. 

k. zircon of the quartzdiorite T.S., 135 x. 

l. zircon of the quartzdiorite 307, 135 x. 
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much alike, over 75% is euhedral and tends to 
be stubby. Both prism faces (100) and (110) are 
equally important and mostly occur together 
(Pl. 1a). Pyramid (111) is dominating (311), 
which form is often missing completely, while 
other pyramids are absent. Crystals with two dif- 
ferent terminations are not rare (Pl. Id). Some- 
times two (111) faces meet in an edge instead 
of a point, thus disturbing the tetragonal sym- 
metry (Pl. Ib). 

The metamorphic rocks, especially the gneisses, 
contain apart from well-rounded grains, also 
crystals which show euhedral characteristics, 
although often the terminations and prism edges 
are somewhat rounded. In most cases the prism 
faces could not be identified beyond doubt, but 
(110) faces certainly occur. Long prismatic 
crystals are more frequent in the gneisses than 
in the granodiorites and in many instances (311) 
is dominating (111). It is not possible to make 
a divison by means of crystal faces only, because 
there is a large amount of rounded grains in the 
metamorphic rocks. 

A fine, but obscure zoning is found in many 
zircon crystals of the granodiorites. Only when 
inclusions follow the zones, they are more pro- 
nounced (Pl. Ic). In zircon from the metamorphic 
rocks zoning is less frequent, while the individual 
zones are sometimes broader (Pl. le). Crystals 
grown together are not at all rare (Pl. If). Only 
once a zircon twin has been found and it seems 
that the rare basal pinakoids (001) occur (Pl. 2a). 


2. Sizes and elongation ratios 


When measurements of length (L) and breadth 
(B) of 200 grains per sample have been taken, 
there are several ways of treating and repre- 
senting these values. 

As can be read from table 1 and fig. 3 the 
mean length (x) and mean breadth (y) of the 
samples may differ considerable?. The x of the 
gneisses is greater than of the metasediments, 
but L-frequency and B-frequency diagrams are 
too much alike to allow any distinction. 

Results are better when attention is directed 
to the elongation ratio (= L/B), as was done by 


5) 


2 In this article the signs (x), (y), x and y are used 
in the sense of the mean x and y. 


Poldervaart and others. Larsen and Poldervaart 
(1957) introduced the „reduced major axis” 
(RMA) for representing zircon associations. Fig 3 
shows some of those lines, the point visible on 
each line corresponds with the x and y of the 
zircon sample. The calculated standard deviations 
(Sx and Sy) are included in table 1, in which the 
samples are arranged on decreasing a, a being 
the tangent of the angle between the RMA and 
the horizontal axis. Correlation factor r gives the 
rate to which L and B are interdependent. No 
line has been constructed of a sample micaschist 
with granite (L 212), because the r was low. 


For the way of calculating the RMA’s from 
the L and B measurements Larsen and Polder- 
vaart (1957) or Imbrie (1956) may be referred to. 


Table 1 and fig. 3 make it clear that all 
gneisses and the granodiorites have a smaller a 
than all metasediments. Although the gneiss with 
the highest and the metasediment with the lowest 
a show hardly any difference in angle, it can be 
stated that the metasediments and the gneisses 
form two groups which are situated completely 
apart from eachother. This difference can be 
made more spectacular by calculating a „mean 
line” for the metasediments and for the gneisses. 
Larsen and Poldervaart calculate a "mean 
growth trend” (MGT) merely by taking the 
arithmetic mean of the different values (x, y, 
Sx, etc.) of the samples. 


Such MGT's of our gneisses and metasediments 
are listed in table 2. Comparison of the slopes 
gives the result that 5 gneisses do not differ 
significantly from the gneiss MGT, only sample 
232 does (z= 2.07), if the level of probability is 
chosen at 0.05. Only dike 202 differs significontly 
(z = 2.14) from the metasediment MGT. 


Another way to compare the gneisses with the 
metasediments is to consider all gneiss grains as 
belonging to one sample and all metasediment 
grains to another. These two lines have also been 
calculated (table 2). The difference with the 
MGT's is not large, but the standard deviations 
are somewhat higher and the r can differ con- 
siderably. As the calculating of over 1000 grains 
is laborious, one may also take 200 grains at 
random from the total (for this purpose tables 


PLATE II 
a. a zircon twin, sandstone PE9S5 A480 g. long glassy? inclusion, augengneiss S.B., 300 x. 
b. outgrowth, gneiss 162, 375 x. h. grain possibly corroded, L 212, 375 x. 
& outgrowth with prism faces, granodiorite D 22, i. needle-shaped inclusions, sandstone P Sa ODe 
DD j. corroded grain, L 212, 375 x. 
d rounded outgrowth, augengneiss S.B., 375 x. k. corroded grain, granodiorite Bas., 300 x. 
e. overgrowth, gneiss RZ, 375 x. l. inclusions parallel to the c-axis, gneiss 230, 375 x. 


f. overgrowth with euhedral form, granodiorite Bas,, 
DR 


m. grains with narrowed part, augengneiss S.B., 150 x. 
n. grain with inclusions, gneiss RZ, 375 x. 
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not counted 
number of 
broken grains 
34 
136 
31 
91 


1.C 


x/y 
1.96 
1:77 
1.68 
152 


Sy 
.0253 
.0238 
.0146 
.0212 


Sx 
.0509 
.0462 
.0260 
.0322 


.0766 
.0552 
.0594 
.0699 


.1502 
.0976 
0996 
.1060 


TABLE I 


„SD 
.7508 
120 
.6700 


.4967 
5156 
.5621 
.6600 


sample 
no. 
S:B3 
062 
RS: 


P35 


Aston massif 


miccaschist Aston massif 
quartzdiorite, Trois Seigneurs massif 


intrusive granodiorite, Bassies massif 
sandstone, Sost 


intrusive granodiorite, Andorra 


gneiss Aston 
gneiss Aston 


Rock types and localities of collection 
gneiss Aston 


augengneiss, St. Barthelemy massif 


migmatite Hospitalet massif 
sand, Ille 


migmatite Aston massif 
micaschist Aston massif 
micaschist Aston massif 
quartzdiorite Aston massif 
granitic dike Aston massif 


gneiss Aston 
gneiss Hospitalet 
gneiss Hospitalet 


quartzite 


with random numbers from Dixon and Massey 
1951 have been used). These results do not agree 
as well with the MGT as the „summation 


method” did. 

The difference between the two MGT’'s is 
significant (z — 3.08), when the slopes are 
compared. 


Migmatites, quartzdiorites and micaschists 
alternate in table 1 and when based on the slopes 
of their lines, there is no distinction between 
them. Variations in grainsize (in position of the 
lines) occur though; possible they are due to 
changes in the original sediment. It is remarkable 
that the gneisses (different from the metasedi- 
ments) do not distinguish themselves from the 
granodiorites, as far as the lines are concerned, 
although the shape of their zircon is certainly 
different (cf. fig. 6)). 

Another way to represent the L/B ratio is the 
use of the so called „elongation-frequency dia- 
grams” (fig. 4). The elongation ratios are brought 
together in rather large groups (1.—1.35; 
1.35—1.75; 1.75—2.05; etc.) in order to bring 
the number of groups in right proportions to the 
number of observations, too may groups make 
the diagrams more complicated than is necessary. 

The 6 gneisses have a peak in group III, all 
metasediments but one have their maximum in 
group ll. Table 1 (colum 9) gives the mean 
elongation of the samples, the metasediments 
have a value considerably below 2, which accor- 
ding to Poldervaart (1955), is usual for sediments. 
Ummetamorphosed sediments O 62 and P 35 
confirm this. The base of those „sedimentary” 
diagrams tends to be narrow, because the very 
high elongation ratios lack in sedimentary zircon. 

Again a difference has been shown to exist 
between metasediments and gneisses, while the 
granodiorites perhaps distinguish themselves by 
a broader but less high peak of the diagram. 


3. Shape, degree of rounding 
Simultaneously with the measurements the 


grains were classified into four groups according 
to their shape: 


A: euhedral crystals 

B. euhedral crystals somewhat rounded, of which 
the points and edges are rounded but the 
outline is still fairly euhedral. 

C. well-rounded grains; it is unknown whether 
these were once euhedral or represent broken 
erystals. 

D. angular grains with rounded points. These 
most likely represent broken grains which 
have been rounded again during their sedi- 
mentary history, but not enough to call 
them "well-rounded”. 


TABLE II 


X 


MGT 6 gneisses 


.0985 
sum 6 gneisses (1200 grains) .0985 
6 gn. 200 grains at random .1016 
MGT 3 metasediments .0781 
sum 8 metased. (1600 grains) .0781 
8 m.s. 200 grains at random .0814 


The number of newly broken grains (sharp 
points, conchoidal fracture) which were en- 
countered during the measurement of the 200 
unbroken grains, is included in table 1. An 
example of this division is given in fig. 5, where 
the grains of Pl. 1j have been classified. It 
should be realized that such a classification can 
be done more accurate under the microscope 
where each grain can be focussed individually 
than from this photograph. 

In fig. 6 the percentages of grains A, B, C 
and D are represented as circlesegments. In most 
samples more well-rounded grains are found 
among the small ones than among the large 
ones. 

Two of the micaschists are rich in rounded 
grains and though the two other samples differ 
somewhat from these, the sum of grains A and 
B never reaches 40 % of the total. Migmatites 
(Pl. li) and quartzdiorites do not show much 
difference from this pattern; striking is the 
resemblance between the quartzdiorites from the 
Aston massif (307) and from the Trois Seigneurs 
massif (T.S.). About their sedimentary origin 
little doubt remains (Pl. Ik, 1), the same applies 
to the St. Barthelemy gneiss. In all metasediments 
the amount of broken grains is small (table 1) 
the only exception being the quartzite L 9. 

The gneisses, especially those from the Aston 
massif yield more zircon B. Grains with a high 
elongation ratio (up to 6) are not rare and most 
of them have rather pointed terminations, (311) 
or (311) + (111) (Pl. Ih, j). However, roundeJ 
grains, occasionally turbid, are never missing. 
Broken grains are distinctly more frequent than 
in the metasediments. 

The granodiorites contain chiefly euhedral 
erystals (Pl. 1g); besides there are less bright, 
ıounded grains with more inclusions. Some of 
these grains are distinctly pink, which is never 
found among the eubedral grains. Is is possible 
that the rounded zircon is derived from assimi- 
lated sediment, because the granodiorite samples 
were collected near the border of the bacholite. 
Another possibility is that the rounded zircon 
represents the only remnant of old sediments, 
if one believes (cf. Zwart 1959) that the grano- 


.0498 


y Sx Sy a r 


.0368 .0157 .4261 .6474 
.0498 .0385 .0168 .4362 .6353 
09507 .0415 .0185 4459 .7110 
.0453 .0254 .0138 5415 5782 
.0453 0308 .0169 5471 7051 
.0474 .0323 0174 DO 4742 


diorites have an anatectic origin. 

Though the division into A, B, C and D types 
of zircon is of course arbitrary, it is very useful 
for getting some insight into the morphology of 
the zircon of a sample. Even if the difference 
between the types A and B is not considered as 
real, it becomes clear from these diagrams that, 
as far as can be concluded from zircon shapes, 
the gneisses can not be regarded as tectonised 
magmatic granites, because 50% or more of 
their zircon is of a sedimentary type. 

In order to gather information about the 
origin of granitic and pegmatitic dikes and veins, 
a large sample of micaschist with garnet bearing 
granitic material was treated. The sample (L 212) 
was divided into two halves, one half gave zircon 
of which the shape percentages are given in fig. 6 
(bottom right). The other half was used to 
separate the granitic material accurately from 
the schist. Then schist and granite were treated 
separately, the results are also visible in fig. ©. 

The granite is richer in zircon B, but a con- 
vincing predominance of true euhedral crystals 
is absent. On the other hand, if the granite was 
of purely replacement origin, there would not be 
any difference between schist and granite. Since 
indications of corrosion have been found fre- 
quently in this sample (Pl. 2h), the process may 
be more complicated than either magmatic or 
replacement. 


4. Outgrowths and overgrowths 

Outgrowths normal to the c-axis (Pl: 2b) ofa 
zircon crystal have been found occasionally in 
the granodiorites, the gneisses and some of the 
metasediments. It was not possible to determine 
the crystal faces with certainly, but it seems that 
besides pyramids, prism faces are also present 
(PIe2e): 

Poldervaart and Eckelmann (1955) found 
more outgrowths and overgrowths in autoch- 
thonous granitic rocks than in intrusive ones. 
Our quartzdiorite and gneiss samples did not 
yield more outgrowths and overgrowths than 
did the granodiorites. The occurrence of rounded 
outgrowths like the one on Pl. 2d, found in the 
St, Barthelemy augengneiss, could indicate that 
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these outgrowths possibly did not come into 
existence during the hercynian metamorphism 
but are older and have survived the preceding 
sedimentary history of the zircon grain. The 
twin found in the sandstone P 35 shows that not 
all protrusions break during sedimentary trans- 
port. It is, however, not our intention to suggest 
that all outgrowths would be prae-Hercynian. 

Overgrowths are occasionally oberved in the 
granodiorites and rarely in the gneisses and 
quartzdiorites. Rounded grains are enveloped 
(entirely or party) by a thin shell of zircon, 
sometimes these shells develop euhedral forms 
(Pl. 2f). They can be recognized by their clear- 
ness and by having only few inclusions. As to 
the overgrowths in the granodiorites it is sup- 
posed that in the rounded zircons (a minority 
in these rocks) accrued when they came in the 
granitic melt. However, most of those "”old” 
zircon grains in the granodiorites have no over- 
growths, which may indicate that conditions 
necessary to the forming of overgrowths were 
hardly reached, or only during a short time. 

In the gneisses overgrowths (Pl. 2e) are even 
rarer, but as these gneisses went through a high 
grade metamorphism (mobilisation occurs lo- 
cally) it is believed that the overgrowths devel- 
oped during the metamorphism. 

Even in this case it is obvious that the in- 
fluence of the metamorphism to initiate the 
growth of zircon in autigemic granitic rocks, 
was very small. 

It is unlikely that these delicate shells could 
stand a sedimentary transport, so it is considered 
impossible that the zircons already had their 
overgrowths before the metamorphism started: 


5. Inclusions 


In many zircons of all samples inclusions have 
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Fig. 5 — Classification of the grains of plate U), 
A, B, C and D refer to the classes described in the 
text, br. are broken grains. 


zen 


been found. Long crystals sometimes have a long 
core of a brownish substance (Pl. 2g) which 
clearly resembles glass inclusions, as described 
by von Chrustchoff (1886). Small bubbles of 
gas or glass occur frequently in zircon, they may 
be arranged parallel to a crystallographic direction 
(Pl. 2h), but this is unusual. Fine needle-shaped 
inclusions (zircon or apatite?) are found in zircon 
from all sorts of rocks (Pl. 2i). Minute opake 
inclusions occuring in great numbers can make 
the crystals turbid. 

The nature of other inclusions, like the long 
one on Pl. 2n is not determined at all. As the 
inclusions at first sight were of no importance 
in discerning the rocktypes, no serious effort to 
determine them has been made. 


CORROSION 


"There is evidence that alkaline solutions may 
corrode zircons” says Poldervaart (1955). That 
the grain shown on Pl. 2k was affected by 
corrosion seems beyond doubt, but such grains 
are rare in our samples. In some of the samples 
(L 212 and S.B.) grains with a narrowed part in 
the middle are frequent (Pl. 2m). 

It seems doubtful that this was caused purely 
mechanically, especially grains like the one on 
Pl. 2j seem to be affected by corrosion. If this 
is true, corrosion, whether caused by alkaline 
solutions or not, could endanger the use of zir- 
cons as provenance indicators. However, if the 
described phenomena are caused by corrosion, 
such samples can be recognized and excluded. 
Much uncertainty persists about this problem. 

Alteration commonly ascribed to isotropis- 
ation by radioactivity have been found occasion- 
ally (Pl. 1f). 


SUMMARY AND CONCLUSIONS 


The three most important rockgroups which 
were distinguished in the field, also proved to 
have a different zircon habit. 

The granodiorites are characterized by euhe- 
dral zircon with a dominating pyramid (111) 
and a minority of rounded grains, some of 
which have overgrowths. The mean length of 
the zircon is about 0.1 mm, while the mean 
elongation is about 2: 

The leucratic gneisses yield much rounded 
zircon, but besides only slightly rounded long 
prismatic crystals are present. Pyramids (311) 
are more frequent than (111). The zircon of the 
Aston gneisses has a mean elongation of about 2, 
which is a little less in the Hospitalet gneisses. 
Well-rounded and angular grains are the most 
important in the metasediments, elongated grains 
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are not frequent. Pyramid (311) is present when 
crystalfaces are discernable. 


The following conclusions may be drawn 
from our observations: 

The asumption of sedimentary origin of the 
migmatites and the quartzdiorites is confirmed 
by the large amount of rounded zircon found in 
these rocks. 

The zircon of different metasediments does 
not vary much, so possible the original sediment 
was of one type but perhaps a little coarser in 
the centre of the dome because the migmatites 
and quartzdiorites yielded more zircon than the 
micaschists and phyllites from the N. of the 
Aston massif. 

Gneisses and metasediments have a somewhat 
different zircon content, the gneisses having 
more slender crystals. Probable the gneisses are 
also of sedimentary origin, but this sediment was 
perhaps more sandy than the metasediments. On 
field evidence (e.g. the great mineralogical homo- 
genity of the whole 1000 mthick gneisseries) it 
is unlikely that the gneisses originated from 
sediment with introduction of liquid material. 

Gneisses and granodiorites accidentally have 
about the same reduced major axis. The fact that 
most of the rounded "”old” zircons from the 
granodiorites have no overgrowths is hardly 
compatible with the supposition that the rounded 
zircon is a sedimentary remnant in an anatectic 
granodiorite. If this would actually be the case, 
one would suspect that all old crystals would 
serve as crystallization centra for new zircon 
(cf. Hoppe 1957). It is more likely that the old 
zircon is derived from assimilated sediment and 
came in the granitic melt when most of the 
zircon had crystallized already. This conclusion 
does not exclude the possibility of the magma 
being of anatectic origin. 

From our observations one might conclude 
that corrosion is more dangerous for the use of 
the zircon method than the formation of over- 
growths or new crystals during the metamor- 
phism: 

Contradictory to the good results obtained 
with magmatic rocks by studying elongation 
ratios only (Larsen and Poldervaart 1957); 
(Alper and Poldervaart 1957) or by studying 
crystal faces and trends only (Tomita and Kara- 
kida 1958), it is believed that for metamorphic 
rocks a combination of all zircon criteria avai- 
lable gives the best results. 
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SOME ARCHED AND SPIRAL STRUCTURES IN SEDIMENTS 


Ph. H. KUENEN ! 


ABSTRACT 


It is argued that certain small structures described by 


Carozzi from sedimentary rocks are not produced 
mechanically by compaction and 
' suggests, but result from burrowing and, or coptolites. 


slumping, as he 


In a recent paper Carozzi (1960) has drawn 


attention to certain remarkable microscopic struc- 


tures he encountered in a few sedimentary rocks. 


These consist of ellipsoidal and cylindrical bodies 


and less regular shapes a few millimetres in dia- 


meter. 


Sections parallel to the long axes of these 
bodies show an arched arrangement of mica 


flakes or organic debris, apparently due to drag 
along the walls during flow of the filling material 
in a lengthwise direction. In cross section a con- 
centric or spiral arrangement is found. Some are 
cut by oblique planes dividing them into more 
or less elliptical bodies. Excellent photographic 
illustrations demonstrate the variable nature of 


these structures. 
Carozzi attempts to explain the origin of these 
compaction of more 


sediment, coupled with a slow slumping process. 


„First, the more plastic lenses were squeezed out 
horizontally or down the primary dip by com- 
paction. Arched flow structures were generated 
in the squeezed sediment by orientation of elon- 
gated organic or mineral fragments along semi- 
circular lines convex toward the direction of 
movement. At first, slumping pulled these beds 
into 
coupled with friction over the underlying surface 
generated a rotational movement which trans- 
formed the lenses into spiral bodies” (p. 3). 


elongated lenses, and increased sliding 


It is important to evaluate this explanation, 


because acceptance would force us to assume 
significant slumping for the enclosing rock. If, 


1 Geologisch Instituut, Groningen, Netherlands 


as Carozzi imagines, these features are found to 
be of more general occurrence, gravity sliding 
must have affected many more sediments than is 
now suspected („probably extremely widespread 
in most sediments” according to Carozzi, p. 4). 
The present author has difficulty in accepting 
Carozzis view. Carozzi postulates that the 
deformed parts were produced from lenticular 
layers of greater plasticity embedded in a firmer 
surrounding groundmass, but he presents no 
evidence or explanation for these mechanical 
differences and it is hard to imagine a cause for 
such variations within a rather homogeneous 


Fig. 1 — Carozzi’s diagram illustrating the different 

stages of the mechanism claimed to have produced the 

„arched flow structures”, spiral structures and ring 

structures he observed in certain limestones, dolomites 
and sandstones (Carozzi, Fig. 9, p. 17). 
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sediment. In a diagram (see Fig. 1) he allows the 
plastic lens to spread sideways during compaction 
of the surrounding bed. This produces the in- 
ternal arched arrangement of particles. However, 
no reason for this extension is apparent, although 
the two opposing arrows, from above and below, 
drawn to indicate the compacting movement, 
might suggest a squeezing in the centre. Naturally, 
no such local squeezing is involved in com- 
paction, neither with or without an overburden. 
Then slumping is added and exerts a couple of 
forces which are shown as resulting, first in 
local thinning at two points and then in disrup- 
tion of the flattened lens. Again one can question 
the logic of the mechanical hypothesis. Next, the 
separated parts are represented as revolving under 
the influence of gravity sliding to produce spiral 
shapes. At first such a spiral is externally visible 
and later only internally. It is obvious that the 
implied movement finally amounts to more than 
180° revolution, probably at least a complete 
turn round. For the entire thickness of the beds 
this must entail considerable slippage. 

Several objections can be raised. One is that 
the initial shearing is suddenly replaced by a 
rolling movement without any apparent reason 
for this change. Then the elements that are 
claimed to be most mobile at the beginning, the 
deformed lenses, later react by faulting and 
finally by rolling which would imply that they 
have now become the firmer chunks in the 
slumping bed. For to produce a spiral in a 
slumping bed there must be a strong shearing 


Fig. 2 — Concentra- 
tion in limestone of 
organic debris form- 
ing spiral and ring 
structures (negative 
print, 10 x) Stillman 
member, Ordovician, 
Iowa (Carozzi, Fig. 5, 
Dasl)% 


movement between the level at the top and the 
bottom of the rotated body. Hence the sur- 
rounding mass is plastically strained while the 


spiral mass deforms much less. In addition there Si 
is reason to doubt whether such a movement will 4 


take place in sliding sediment. Up to the present, 
available evidence for slumping in sediment 
favours movement largely on a basal slide plane 
without much increase in displacement upwards. 
One would expect marked evidence in the mi- 
croscopic structure for the shear that is demanded 
by the rotatory movement of the enclosed spirals. 
But none is visible. One would also expect 
arbitrary shapes and positions for chunks pro- 
duced by the shearing. But to make rolling of 


these pieces possible their axis should lie horizon- _ 


tally and at right angles to the direction of slump. 
In the consolidated rock the spirals should all 
have revolved in the same sense, but neither the 
pictures nor Carozzi’s description give any in- 
dication that this is the case. It is also curious 
that all other structures and irregularities of 
bedding usually encountered in slumped beds are 
absent in the present cases. Finally Carozzi pre- 
sents no evidence in favour of a slope during 
deposition needed to induce sliding. 

Taken all together the explanation offered by 
Carozzi appears to be far from satisfactory. There 
is all the more reason for doubting it because an 
alternative can be suggested. The pictures and 
descriptions strongly recall burrowings observable 
in many samples of recent sediments and in- 
durated deposits, and in most of which similar 
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arched structures are known to occur (Fig. 2 
and 3, see references for some examples). 

There probably are two types of burrow 
fillings in sediments. One is an injection, more 
or less in the nature of a sand dyke, into an open 
tube left by the animal. The other is a coprolitic 
filling pressed into the tube while the animal 
eats its way through the sediment. The spiral 
nature more or less distinctly shown by some of 
these structures might well be produced by this 
latter mechanism. Another similar process could 
be invoked, namely sediment flowing into 
cavities left by escaping gass, but Carozzi’s il- 
lustrations suggest regular, more or less horizon- 
tal tubes, that are better explained by animals. 
The more ellipsoidal shapes might also represent 
coprolites formed on the surface and then in- 
corporated in the soft sediment. Post-burrow 
compaction must also play a part in reshaping 
the original bodies. 

The explanation by organic activity has 
several advantages. In the first place one avoids 
postulating slump with internal shearing for beds 
that lack all supporting evidence for such a 
process. In the second place Carozzi is forced to 
make several assumptions which are open to 
doubt: the differences in mechanical properties 
within the beds and the reactions to compaction 
and slump. In the third place burrowings and or 
coprolites are common in many recent and 
ancient sediments, so that no unknown mech- 
anisms need be invoked. In the fourth place the 
manner in which the structures interfere with 
eachother in the more crowded examples il- 


lustrated is more easily understood as due to 
successive tunnelings than as the result of a 
uniform process. 

Whichever explanation for these features is 
accepted, Carozzi’s findings are of importance in 
showing the value of studying sediment struc- 
tures and the widespread occurrence of post- 
depositional disturbances. 
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HET RESULTAAT VAN EEN PALYNOLOGISCH ONDERZOEK 
VAN EEN EEMIEN-AFZETTING BIJ LIESSEL (N.-BR.) 


A. MENTEI 


ABSTRACT 


Palynological investigations by Florschütz and mrs. 
Anker-van Someren (1956), established a scheme and 
zone-division for deposits of Eemian-age in the south- 


eastern Netherlands. These results have been obtained , 


from analysis of samples gathered in various localities. 

The recent discovery of almost the complete zonation 
of the same scheme, this time however being the 
result of the analysis of a continuous series of examples 
coming from one boring, strongly confirmed the 
picture of Eemian-deposits, as revealed by Florschütz 
and mrs. Anker-van Someren. 


INLEIDING 


Met de welwillende medewerking van de 
Rijksgeologische Dienst te Haarlem, werd bij het 
dorp Liessel (Gemeente Deurne, Noordbrabant), 
op de Vcortrap van de Peelhorst, een voor pol- 
lenanalyse veelbelovende afzetting van ca. 300 cm 
bemonsterd. De afzetting ligt op een diepte van 
445 cm tot 140 cm onder het maaiveld (ca. 27 
m + N.A.P.). 

De bovenste 90 cm van deze afzetting bestaat 
uit sterk lemig, humeus zand, waaronder 195 cm 
sterk vergaan veen volgt, dat weer overgaat in 
zandig veen, ca. 20 cm dik, eindigend in fijn 
zand. Het geheel ligt onder een dekzandbedek- 
king van middel- tot matig-fijn zand, dat onge- 
twijfeld uit het Tubantien (Weichselien) stamt. 


PALYNOLOGISCHE RESULTATEN 


Het diagram, dat de analyse van dit pakket 
oplevert, wordt gekenmerkt door de aanwezig- 
heid van Carpinus en Picea en hoge percentages 
van thermofiele gewassen als Alnus, Carpinus en 
Corylus. Fagus ontbreekt. Men heeft hier derhal- 
ve ongetwijfeld te doen met een afzetting uit het 
Pleistoceen, die bovendien, althans voor een deel, 
onder gunstige omstandigheden gevormd werd. 

Nu mag men voor een interglaciale tijd een 
gunstig klimaat en voor een interstadiale tijd cen 


1 Geologisch Instituut, Leiden 


betrekkelijk gunstig als maatstaf houden. Geba- 
seerd op de omstandigheden in Nederland en om- 
geving, defini&erde Zagwijn een interglaciale tijd 
als een periode, die warm is maar ook lang ge- 
noeg geduurd heeft om de volledige immigratie 
en expansie der thermofiele bomen mogelijk te 
maken, cen interstadiale tijd als een periode, die 
geen aanleiding tot een volledige herimmigratie 
en algehele expansie van de thermofiele flora 
geeft (Zagwijn 1957). 

Het onderhavige diagram representeert zonder 
twijfel een interglaciale fase. Ten aanzien van de 
vraag welk interglaciaal het hier betreft, valt de 
keuze ook niet moeilijk. Het Eemien moet als 
de meest voor de hand liggend worden beschouwd. 
Op de argumentatie dezer keuze hoeft niet diep 
worden ingegaan. Men leze de uitvoerige bespre- 
king van de keuzebepaling in het artikel van 
Florschütz en mevr. Anker-van Someren (1956). 
Kort opgemerkt zij slechts, dat e&n der vroegste 
interglacialen (c.f. het Tiglien) hier niet voldoet 
door het ontbreken van „tertiaire” pollenkorrels. 
Een begrijpelijker aarzeling in de keuze tussen 
Needien (Hoxnien) en Eemien valt echter on- 
middellijk uit voor de laatste, alleen al door het 
eentonig aspect der diagrammen van het Neede- 
type en het wisselend beeld van Eemien-diagram- 
men, waardoor de laatste, incluis het besproken 
diagram, in een oogopslag äls zodanig valt te 
herkennen. 

Aangezien de parallelisatie van de diagrammen 
van de Eemien-afzettingen uit dit deel van Ne- 
derland met die uit meer noordelijk hiervan ge- 
legen streken, is geschied naar de gecombineerde 
diagrammen uit de Noordoost-Polder en van 
Zwolle-Zwartewater, zal de zone-indeling van de 
laatste hieronder nog worden weergegeven: 


8. Pinus-Betula-zone. 
7. Alnus-Pinus-zone. 
6. Pinus-Betula-zone. 
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Pinus-Picea-zone. 

Alnus-Carpinus-zone. 
Corylus-Alnus-Quercetum mixtum-zone. 
. Quercetum mixtum-Pinus-zone. 

1b. Pinus-Betula-zone. 

‚la. Betula-Pinus-zone. 


DD nu 


Past men deze indeling op het diagram van 
Liessel toe, dan kan men er het volgende aan on- 
derscheiden: 

140—248 cm. Het bovenste deel van het dia- 
gram vertoont, met uitzondering van het spec- 
tum op 180 cm, grote overeenstemming met 
zone 6, nl. een dominantie van Pinus en Betula 
en lagere percentages thermofiele elementen. 
De laatste vertonen weliswaar nog betrekkelijk 
| hoge waarden, maar in vergelijking met die in de 
‚ hieronder volgende zone zijn zij toch duidelijk 
‚ teruggedrongen. Ook Abies treedt, zij het met een 
‚ enkele pollenkorrel, in drie opeenvolgende spec- 
tra in dit traject op. Aan de Alnus-dominantie 


op 180 cm behoeft waarschijnlijk geen speciale- 


waarde gehecht te worden, behalve dan als weer- 
spiegeling van de bijzondere, plaatselijke vegeta- 
tie. Belangrijk blijft als geheel de Pinus-Betula- 
overheersing. 

248—319 cm. In dit traject kan zonder moeite 
zone 4 worden herkend, met haar dominerende 
Alnus-Carpinuswaarden. Ook Corylas bereikt 
hierin hoge waarden. 

319—355 cm. Hierin kan zonder veel bezwaar 
zone 3 worden teruggevonden. Het oplopen naar, 
resp. afnemen van de Corylus-culminatie valt hier 
duidelijk te bespeuren. 

355—425 cm. Kenmerken van zone 2 met do- 
minantie van Quercetum mixtum en Pinzs kan 
men in dit deel terugzien. 

425—445 cm. Dit deel kan men brengen tot 
zone 1 van de indeling, waarbij nog een zone 1b 
met Pinus-Betula en een zone la met Betula- 
Pinus kan worden onderscheiden. 

In het diagram van Liessel treft men dus de 
volgende zones aan: 


6. Pinus-Betula-zone. 
4.  Alnus-Carpinus-zone. 
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3. Corylus-Alnus-Quercetum mixtum-zone. 
2. Quercetum mixtum-Pinus-zone. 

1b. Pinus-Betula-zone. 

la. Betula-Pinus-zone. 


Als geheel vertoont het diagram een vrij volle- 
dige ontwikkeling van de vegetatiegeschiedenis 
gedurende het Eemien en wel vanaf het laatste 
deel van het „Laatglaciaal” van het Drenthien 
(Saalien) met cen nog „koecle” vegetatie, waarbij 
de vondst van pollenkorrels als Artemisia, Thalic- 
trum en Helianthemum op een flora met enkele 
steppe-elementen wijst. De teruggang in dit tra- 
ject van de Artemisiawaarden, alsock het verloop 
van X NAP (non-arboreal pollen) ten gunste van 
> AP (arboreal pollen), illustreren de naderende 
klimaatsverbetering. Deze ontwikkeling komt in 
de hoger gelegen zones tot uitdrukking in de ont- 
plooiing van Quercetum mixtum, later ook van 
Alnus en vooral van Corylas (Corylustop). Reeds 
in het vorige traject geschiedt de ontwikkeling 
van Corylas in dezelfde mate als die van Quer- 
cetum mixtum. Strikt genomen zou men hier dus 
in plaats van Quercetum mixtum-Pinus-zone, van 
een Quercetum mixtum-Corylus-zone moeten 
spreken. Voor het totale beeld maakt het echter 
weinig verschil uit. Nog hoger in het diagram 
volgt het klimaatsoptimum met zeer hoge Carpi- 
nuswaarden, terwijl ook Picea regelmatig blijft 
verschijnen. Vervolgens vindt weer een terug- 
dringen van de thermofiele elementen ten gunste 
van Pinus en Betula plaats, hetgeen als de inlei- 
ding van de hierop volgende (laatste), glaciale 
fase beschouwd zou kunnen worden. 


Wat de resultaten van de slibanalyse betreft en 
hiermede de ontwikkeling van de afzetting: het 
blijkt dat er gedurende de afzetting van de on- 
derste 1 meter een open-watervegetatie aanwezig 
moet zijn geweest, getuige het veelvuldig voor- 
komen van, vooral zaden van Potamogetonaceae 
en gedurende een bepaald deel zelfs van Brase- 
nia, tezamen met Nymphaeaceae. Het veelvul- 
digst optredend door het gehele pakket, maar 
vooral in de bovenste delen is Carex, terwijl res- 
ten van Phragmites en Scirpus enkele malen wer- 


Astensche Asten-het Nunen. Vredepeel 1. Liessel. 

Peel 1. Gevlocht I. 
zonee 7 _ — zone 7 = 
zone 6 zone 6 zone 6 zone 6 zone 6 
zone 4 zone 4 zone 4 zone 4 zone 4 
— zone 3 — — zone 3 
ed zone 2 — — zone ® 
— zone 1 
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den gevonden. Het geheel wijst dus in de rich- 
ting van een ontwikkeling van een aanvankelijk 
open stuk water, dat steeds meer verlandt. Dat 
ook Sphagna bij de vervening en daarmede het 
dichtgroeien van de oorspronkelijke plas een rol 
spelen, daarvan getuigt het betreffende deel van 
het diagram, dat opmerkelijkerwijs op die hoogte 
sterk begint op te treden, waar zoals uit de re- 
sultaten van de slibanalyse blijkt, de resten van 
de open-watervegetatie ophouden. Ook de andere 
delen van de palynologische analyse komen goed 
overeen met die van de slibanalyse (c.f. Potamo- 
getonaceae, Nymphaeaceae, Chenopodiaceae). 

Om een vergelijking van het Liessel-diagram 
met de bekende diagrammen uit dit gebied 
(Florschütz en mevr. Anker-van Someren, 1956) 
mogelijk te maken, zijn de gevonden zones uit 
die localiteiten naast die van Liessel geplaatst 
(zie voorgaande pagina). 

Men mist in het Liessel-diagram zone 7, ter- 
wijl echter zone 1 aan de teeds bestaande zones 
wordt toegevoegd. Het ontbreken van zone 5 
(Pinus-Picea-zone) van de gecombineerde dia- 
grammen uit de Noordoost-Polder en van Zwolle- 
Zwartewater, doet zich in dit diagram eveneens 
voor. 

Over de vraag of zone 7 nog tot het Eemien, 
dan wel tot een interstadium van de laatste gla- 


ciale fase moet worden gerekend, kan men nog 
discussieren. Binnen het kader van het artikel 
wordt dit echter achterwege gelaten. 

Als conclusie mag men misschien zeggen, dat 
de constatering van vrijwel alle zones uit de 
Eemien-diagrammen van het Peelgebied, met een 
uitbreiding van het vroegste gedeelte (zone 1) 
ervan, als resultaat van de analyse van een serie 
monsters uit een localiteit, een versteviging be- 
tekent van het beeld, dat Florschütz en mevr. 
Anker-van Someren eerder onthulden. 
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WETENSCHAPPELUKE MEDEDELINGEN 


REMARKS ON THE TECTONIC POSITION OF THE BETIC OF MALAGA IN 
SE SPAIN AND ON ITS RELATION TO THE SUBBETIC 


It has been stated in a previous note (De 
Booy and Egeler, 1960) that the distribution and 
position of the Betic of Mälaga elements found 
in the southeastern part of the Betic Cordilleras 
as isolated outcrops amidst rocks of the Alpujar- 
ride nappes, suggest that these elements belong 
toatectonic unit which regionally overlies the 
Alpujarrides. This view is born out by the result 
of astudy, made in the Sierras de Almagro and 
Cabrera, of the younger sedimentary sequence; 
deposited subsequent to the emplacement of the 
major tectonic units. 


A first indication is found in the position of 
these younger deposits — which are of Miocene 
age, perhaps with some Oligocene — with 
respect to the overthrust-units. When the Betic 
of Mälaga elements are exposed together with 
Alpujarride rocks, the succession is always: 
Alpujarride elements — Betic of Maälaga ele- 
ments — younger deposits; the younger deposits 
only directly overlie the Alpujarride rocks, where 
no Betic of Mälaga is represented. 

Further evidence is provided by the result of 
the analysis of the detritus of the younger 
deposits. It appears that, after a first period of 
very restricted detritus supply, there has been an 
abundant influx of material of both Betic of 
Mälaga and Alpujarride provenance, but with a 
marked tendency towards an increase in the 
relative abundance of the Alpujarride material 
towards the top of the section. An important 
break, marked by folding and erosion, is followed 
by the abrupt appearance of detritus of meso- 
metamorphic crystalline schists, showing a 
characteristic assemblage which can be traced 
back to the crystalline units that crop out over 
extensive areas in the eastern Sierra de los 
Filabres. The abrupt influx of this higher meta- 
morphic material, which predominates from 
now on over all other components, indicates that 
the higher units in the source area had by now 
been removed to such a degree, that parts of the 
deeper crystalline units had become uncovered. 
Obviously this result is entirely in concurrence 
with a high position for the Betic of Maälaga. 


The relationship between the Betic of Mälaga 
and the Subbetic calls for some remarks. Most 
authors consider the Subbetic to have been 
deposited south of the Prebetic, but to the north 
of the Betic domain. If this view were correct 
one would obviously expect the boundary 
between the Subbetic and the Betic of Mälaga — 
which has been deposited to the south of the 
Alpujarride realm — to be a very conspicuous 
one. This is, however, by no means always the 
case. Firstly, the discrimination between deposits 
of the two units often appears to be quite diffi- 
cult and in our opinion some deposits that have 
been classified as belonging to the Subbetic 
sooner fit into the Betic of Mälaga. In the 
second place, the study of the recent literature 
reveals that some sections in the Cretaceous 
show a development which is transitional 
between the usually reduced development in the 
Betic of Malaga and the usually more complete 
development in the Subbetic. Apparently the 
relationship between the two is considerably 
closer than formerly realised, a point which we 
intend to discuss more in detail in a future 
publication. It may suffice to state here, that the 
rather vague nature of the boundary between the 
Betic of Mälaga and the Subbetic does not 
harmonize with the view that this boundary 
represents a tectonic contact of such major im- 
portance as that between the "parautochthonous” 
and the highest tectonic unit of the Betic edifice. 
It seems more logical to assume that the similar- 
ities mentioned are the expression of a rather 
close depositional relationship. Therefore, we in- 
troduce as a working-hypothesis the conception 
that the Betic of Mälaga and the Subbetic 
represent related non-metamorphic units tecton- 
ically overlying the Alpujarrides. 


Booy, T. de and C. G. Egeler (1960) — Occurrence of 
Betic of Mälaga elements in the southeastern 
part of the Betic Cordilleras (SE Spain). Geol. 
& Mijnb., 39 (N.S. 22), p. 253. 


2 januari 1961. 
T. de Booy 
GC. G. Egeler 


GEOLOGISCH EN MIJNBOUWKUNDIG NIEUWS. 


EEN NIEUWE TOEPASSING VAN HOUT ALS 
ONDERSTEUNINGSMATERIAAL IN GALERIJEN 
ONDERGRONS 


Tijdens een periode van staalschaarste in Engeland 
is in 1957 een onderzoek ingesteld naar de mogelijk- 
heid om opnieuw hout te gebruiken als ondersteunings- 
materiaal voor ondergrondse galerijen. De grondge- 
dachte hierbij was het opbouwen van het ondersteu- 
ningselement uit dunne laagjes hout welke, in de juiste 
vorm gebogen, met een kunstharsliim aaneengeplakt 
werden. 


Na een aantal inleidende sterkteproeven werd be- 
sloten tot de gebruikelijke afgeronde vorm van onder- 
steuningselement welke bij een hoogte van 2,40 m een 
breedte geeft van 3 m. 


Daar de bouw uit twee delen bestaat worden deze 
delen gekoppeld d.m.v. een gedeelde stalen bus welke 
met 8 bouten stijf om de las aangebracht wordt (fig. 1). 


Fig. 1 


De elementen bestaan uit Serayahout en meten 12,5 
x 12.5 cm in doorsnede, opgebouwd uit planken van 
15 mm dik en hebben een overeenkomstige sterkte als 
de normaal in Engeland gebruikelijke welke uit 31% x 
31% inch dubbel T profiel in St. 37 gevormd zijn. 


Een eerste proefneming werd gedaan in een luchtweg 
waar een klein aantal bouwen na het nabreken van de- 
ze luchtweg tussen de stalen bogen ingevoegd werden. 
Zoals uit fig. 2 blijkt zijn hier geen voorzieningen ge- 
troffen voor een eventuele beweeglijkheid teneinde 
overbelasting te voorkomen en de resultaten bij deze 
proef waren zeer gunstig doordat het gesteente tot rust 
gekomen was. 


De enigste beschadiging welke na 11% jaar geconsta- 
teerd kon worden was een kneuzing halverwege de 
boog van Een enkel element, een beschadiging welke 
geen afbreuk deed aan de beveiligende werking van de 
ondersteuning. 


Teneinde een beeld te krijgen van her gedrag van een 
dergelijke ondersteuning in bewegend gesteente, werd 
een volgende proef genomen met 100 bouwen welke 
gezet werden in een middengalerij van een voortwaarts 


ontginnende kolenpijler. De laagdikte bedroeg ca. 83 
cm en het nevengesteente gedroeg zich rustig zodat het 
nabreken van de galeriji voor onderhoud normaal niet 
noodzakelijk was. De bouwen werken gezet op 91,5 
cm afstand en voorzien van 6 schoren per bouw. 


Teneinde enigszins in een drukontlasting te voorzien 
werden 47 bouwen op houten blokken gezet, 32 op 
kippegazen zakken gevuld met steengruis, terwijl er 21 
voorzien werden van een schuifvoet. 


Met het kleiner worden van de galerijdoorsnede door 
de afbouwdruk trad er vervorming op van de houten 
ondersteuning waarbij het opmerkelijk was dat de ele- 
menten zich meer voegden naar de eigenlijke vorm 
van de holruimte dan staal dit pleegt te doen. Die 
bouwen welke gezet waren op houten blokken braken 
eerder dan die welke op kippegazen zakken rustten, 
terwijl bij de overigen, door de optredende zijdruk, 
de meeste elementen braken boven de, metalen, schuif- 


vo£et. 


Fig. 2 


Het opmerkelijke echter was bij deze vervormingen 
dat de samenhang in geen enkel geval geheel verbro- 
ken werd, zodat de ondersteunende werking nooit ge- 
heel weg viel. 


Door deze proeven is men tot de volgende conclu- 
sies gekomen: 
1. Het lichtere gewicht (2/3 van dat van een stalen 


bouw) maakt het aantrekkelijk om houten bouwen te 
gebruiken i.p.v. stalen. 


2. De, bij massavervaardiging, lagere aanschaffings- 
kosten maken het niet meer noodzakelijk de onder- 
steuningen te roven bij het buiten gebruik stellen van 
de betrokken galerij. 

3. Door betere vormgeving en andere houtsoorten is 
het mogelijk de weerstand tegen vervorming nog aan- 
zienlijk op te voeren. 

4. Alhoewel het bij de proeven gebruikte hout niet 
geimpregneerd was, belette de liim het vlamvatten. Bij 
brandproeven trad alleen verkoling op. 


5. Als nadeel werd ondervonden dat in sterk bewe- 
gende gesteenten de huidige uitvoering minder geschikt 
is dan de gebruikelijke stalen ondersteuning. 


| 
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1960 1959 
Wilhelmina 1.026.302 1.007.045 
Emma 2.564.728 2.480.258 
Hendrik 1.475.034 1.422.918 
Maurits 2.693.587 2.525.975 
Beatrix 213 — 

‚ Totaal Staatsmijnen 7.759.864 7.506.096 
Oranje-Nassau I 552.105 536.954 
Oranje-Nassau II 577.309 510.603 

' Oranje-Nassau Ill 921.831 967.410 
Oranje-Nassau IV 344.755 296.033 
Tot. Oranje-Nassau mijnen 2.396.000 2.311.000 

' Laura 569.300 529.000 
Julia 806.600 747.400 
Totaal Laura en Ver. 1.375.900 1.276.400 
Domaniale 543.223 497.694 
Willem-Sophia 423.500 387.000, 
Totaal Limburgse 
Steenkolenmijnen 12.498.487 11.9781.90 


NETTO-PRODUKTIE (IN TONNEN) IN 1960 VAN 
DE LIMBURGE STEENKOLENMIJNEN 


JAARPRODUKTIES VAN AARDOLIE IN WEST- 
DUITSLAND, OOSTENRIJK EN FRANKRIJK. 


West-Duitsland 

In 1960 is de olieproduktie wederom toegenomen. 
Zowel in Noordwest-Duitsland als in Zuid-Duitsland 
(Molasse bekken) werden enkele nieuwe terreinen ont- 
dekt. Verdeeld over de verschillende gebieden werden 
de volgende hoeveelheden gewonnen. 


1959 1960 toe-/resp. 
afname in % 

Holstein-Hamburg 449.781 ton 491.976 ton + 9.5 
Hannover 1.865.437 ton 1.997.895 ton + 7 
Weser-Ems 1.142.960 ton 1.330.989 ton + 16.5 
Emsland 1.352.697 ton 1.356.242 ton + 0.3 
Oberrheintal 178.140 ton 212.743 ton + 19.5 
Alpenvorland 113.743 ton 139.617 ton + 23 
Totaal 5.102.758 ton 5.529.462 ton + 85 
Oostenrijk 


Hoewel de olieproduktie in West-Oostenrijk (voort- 


sl 
zetting van het Duitse Molasse bekken) in 1960 be- 
langrijk is toegenomen, zo was deze toename toch niet 


voldoende om de geringere produktie van het Weense 
bekken te compenseren. 


1959 1960 toe-/resp. 
afname in % 
West-Oostenrijk 18.905 ton 62.000 ton 228 
Oost-Oostenrijk 3.439.879 10m, 2.386391 ton 21 
Totaal 2.458.784 ton 2.448.391 ton — 0.64 
Frankrijk 


Door een aantal ontdekkingen, zowel in het Parijse 
bekken als in Aquitaine (ZW-Frankrijk) en door de 
voortschrijdende ontwikkeling van de bestaande vel- 
den, is de produktie van aardolie in 1960 belangrijk 
toegenomen. 


1959 1960 toe-/resp, 


afname in % 


496.592 ton +137 
1.501.273 ton ee! 


1.997.865 ton + 24 


Parijse bekken 
Overig Frankrijk 


209.398 ton 
1.400.656 ton 


Totaal 1.610.054 ton 


De hoeveelheden vermeld onder „Overig Frankrijk” 
zijn bijna geheel afkomstig van de terreinen in Aqui- 
taine, daar in de Elzas in 1960 slechts ca 76000 ton 
werden gewonnen. 

Naast bovengenoemde hoeveelheden werden in 1960 
nog ca 300.000 ton vloeibare bestanddelen verkregen 
bij de produktie van aardgas te Lacq en St. Marcet. 


PRODUKTIE VAN AARDOLIE IN NEDERLAND. 


De Nederlandse, Aardolie Maatschappij maakte be- 
kend dat, voor het jaar 1960, haar produktie van 
aardolie 1.917.669 kg/ton heeft bedragen. Vergeleken 
met 1959, toen 1.773.212 kg/ton werd geproduceerd, 
betekent dit een toename van 8,2%. 

De produktie in Oost Nederland (terrein Schoone- 
beek) is teruggelopen met 10,85%, terwijl West Neder- 
land een toename van 35,1% vertoonde. Voor de eerste 
maal heeft de produktie van de terreinen in West Ne- 
derland die van Oost Nederland overtroffen. 


1959 1960 
Oost Nederland 1.046.400 933.898 kg/ton 
West Nederland 726.812 983.771 kg/ton 
Totaal Io 2 1.917.669 kg/ton 


STEENKOOLPRODUKTIE IN DE E.G.K.S. LANDEN SEDERT 1952 
(voor 1960 voorlopige getallen) 


x 1000 ton netto 


Duitsland (BR) 


Jaar zonder Belgie Frankrijk Italie Nederland E.G.K.S. 
Saar 

3 25592 238 883 
1952 12302778 16 235 30 384 55 365 1089 1 
185 124 472 16 418 30 060 52588 12126 12 297 2° 961 
1954 128 035 16 818 29 249 54 405 1 074 1207 241 653 
1955 130 728 17 329 29 978 02 1136 11 = sn a8 
1956 134 407 17 090 2958 55 129 1076 11 83 5 ee ER 
1957. 133 156 16 455 29 086 56 2 1 Hs I AN: ne Br 
1958 152582 16 423 27 062 37 72 2 
> 125 586 16 246 DOM 57 606 735 11 978 > > 
1960 142 287 22 422 55 961 734 12 498 D>3.902 
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BEROSLERKEEBRFEIESDER 


Jaarboek van de Mijnbouwkundige Vereeniging 
te Delft, 1960-1961, 387 pp., geillustreerd. 


Naast de gebruikelijke rubrieken bevat dit jaarboek 
een aantal lezenswaardige bijdragen en verslagen van 
ercursies. 

De bijdrage „De mijnbouwingenieur en zijn studie” 
(had de titel niet moeten luiden „De mijningenieur. ."?) 
is ontstaan naar aanleiding van een gevoel van onze- 
kerheid onder de ouderejaars studenten over de vraag: 
is ons studieprogramma nog wel doelmatig opgezet en 
dreigt de mijningenieur niet ten achter te raken door 
de snelle ontwikkeling van wetenschap en techniek. Het 
bevat de antwoorden op een aantal vragen over het 
studieprogramma en de eisen van het bedrijfsleven, 
welke werden voorgelegd aan de Afdeling Mijnbouw- 
kunde, aan twee oudere mijningenieurs, werkzaam in 
de kolenmijnbouw en oliewinning, aan een ex-docent 
en aan een ouderejaars. 

Waar en in welke bedrijven mijningenieurs tot dus- 
ver een werkkring vonden, wordt uiteengezet in het 
artikel „De ir metallico”’. De adreslijsten, voorkomende 
in de verschillende jaarboeken van de M.V., werden 
statistisch bewerkt. Uit de percentage cijfers voor 1958/ 
1959 kan afgeleid worden dat van de tien mijninge- 
nieurs, die nog werkzaam zijn, er ongeveer twee in de 
olie, een in de kolen en twee in het erts werken. 
Verder behoort een tot de groep „niet traditionelen”, 
een heeft een functie, welke geen verband houdt met 
de voorafgegane studie, e&n werkt bij een overheids- 
instelling of bij het onderwijs en Een is zoekgeraakt. 

Een viertal technische en technisch-economische bij- 
dragen werd opgenomen. 

Het artikel „Toepassingen en werkwijze van de hy- 
drocycloon en de zeefbocht”, van de hand van Fon- 
tein, beschrijft de werking en toepassing van deze 
scheidingsapparaten. 

De ontwikkeling en huidige stand van de onder- 
steuning in kolenpijlers wordt besproken in het arti- 
kel „Ontwikkelingen op het gebied van het volledig 
mechaniseren van de pijlerondersteuning bij de Staats- 
mijnen in Limburg. 

In „Enkele beschouwingen over de Amerikaanse 
staalindustrie” wordt o.m. de opkomst en invloed van 
het oxystaal proces besproken. 

„Boren in zee” geeft een overzicht van de verschil- 
lende installaties, welke gebruikt worden en beschrijft 
het transportabele platvorm „Seashell”, momenteel 
werkend in de Perzische Golf voor de kust van Qatar. 

Voorts bevat dit jaarboek nog een drietal geologi- 
sche bijdragen. 

Aanknopend aan de denkbeelden van Stille, schreef 
Dufour „Enige opmerkingen over tectoniek en magma- 
totectoniek als inleiding tot de historische geologie”. 

De geologie van Groenland werd beschreven in het, 
van twee kaarten voorziene, artikel „Een overzicht van 
de geologie van Groenland” door Bondam, geoloog bij 
Grönlandse Geologiske Undersögelse. 

De wijze waarop sommige wetenschappen en tech- 
nische processen invloed uitoefenden op de petrologie 
beschrijft Nieuwenkamp in het artikel „De invloed van 
technische processen op petrologische zienswijzen”. 

Het boek wordt besloten met drie verslagen van ex- 
cursies, twee geologische- respectievelijk naar Zwitser- 
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land en Italiö en naar Zuid-Limburg, Eifel en Arden- 
nen, en een mijnbouwkundige excursie naar de kolen- 
mijnen van de Kempen en Noord-Frankrijk. 

Het geheel is een goed verzorgde publikatie gewor- 


den met een aantrekkelijke inhoud. 
As M3 


Clay and Clay Minerals, Proceedings of the 
seventh national conference on clays and clay 
minerals. Editor Ada Swineford, ix + 369 p., 
145 figs + 79 tables. Pergamon Press, London 
1960. Prijs 60 sh. 


Voor diegenen, die de voorgaande uitgaven van deze 
jaarlijks terugkerende conferentie kennen behoeft deze 
uitgave nauwelijks aanbeveling. Deze uitgave bevat 24 
artıkelen. Enkele grepen uit de inhoud, die vanzelf- 
sprekend subjectief zijn en niet willen zeggen, dat de 
andere artikelen van minder gehalte zouden zijn, laten 
zien in welke richting men tegenwoordig werkt. Wat 
betreft de voorbehandeling van kleien vindt men twee 
artikelen; een over de behandeling van kleien met 
triethylammonium in plaats van het verhitten tot 600° 
C alvorens met glycerol oppervlakte metingen te doen; 
en een ander over het ontijzeren met Na dithioniet. 
Over de röntgentechnieken zijn er een drietal artikelen, 
waarvan b.v. het artikel van Barshad een verbeterde 
methode geeft voor het maken van pasta-preparaten. 

Vanzelfsprekend ontbreken de regionale artikelen 
niet, er ziin mededelingen over de kleien uit de Rap- 
pahanock rivier in Virginia; uit het krijt in Carolina; 
uit de golf van Mexico; uit het Olive Hill district in 
Kentucky; uit S.W. Indiana; uit Wisconsin; de noorde- 
lijke atlantische kustvlakte; uit Washington en Idaho en 
van het Colorado Plateau. Ook vindt men mineralo- 
gische artikelen waarvan o.a. dat over de vorming van 
chlorietachtige structuren uit montmorilloniet en dat 
over het watergehalte in verniculiet vermeld moeten 
worden. 

Samenvattend kan men zeggen dat vele van deze bij- 
dragen het nieuwste bevatten wat er op het gebied van 
het kleionderzoek geboden kan worden. Derhalve zal 
dit werk ook nergens mogen ontbreken waar men zich 
met dit soort onderzoek bezig houdt. Overigens bieden 
een aantal artikelen ook aan de geinteresseerde geoloog, 
mineraloog en petrograaf zeer veel lezenswaardige stof. 

Dep: 


General crystallography, a brief compendium, 
by W. F. de Jong, with the collaboration of J. 
Bouman, ix + 281 p., 231 fig., 41 tab., W. H. 
Freeman and Company, San Francisco, 1959. 
Prijs geb. $ 6.00. 


Bij Freeman te San Francisco verscheen de 2e druk 
van het Compendium der kristalkunde in de engelse 
taal. 

Deze tweede druk heeft evenals zijn voorganger een 
handig formaat en is druktechnisch beter verzorgd. 
Het boek behandelt de kristallografie van buiten naar 
binnen, van de vorm naar de structuur, een behande- 
lingswijze, die chemici en physici beslist minder zal 
aanspreken dan mineralogen en petrografen. Boven- 


dien is het incidentele gebruik van onbekende termen, 
die niet aansluiten bij de in dit vak gebruikelijke no- 
menclatuur, voor sommigen beslist een bezwaar. In deze 
tweede druk is het uitgebreide en duidelijk geschreven 
gedeelte over het gebruik van het stereographische net 
en het tekenen van kristallen vrijwel ongewijzigd ge- 
bleven. Een verbetering is het systematisch invoeren 
van de internationale symmetrie symbolen. In het ge- 
deelte, dat handelt over de methodiek van de röntgen- 
analyse van kristallen, mist men een meer uitgewerkte 
behandeling der focusserende poedercamera’s en de 
diffractometer, terwijl bij de &enkristal technieken de 
merites van de precessie camera wel wat summier zijn 
weergegeven. De behandeling van het voor de kristal- 
lografie zo belangrijke reciproke rooster is ongewoon. 
Of deze engelse editie naast het grote aantal goede 
werken over dit onderwerp werkelijk in een behoefte 
voorziet zal de tijd leren. Dat de nederlandse editie dat 
voor het nederlandse taalgebied wel doet is boven alle 

twijfel verheven. 
IL, 12 


Elements of crystallography and mineralogy, by 
F. Alton Wade & Richard B. Mattox. (Harpers 
Geoscience Series) xiii + 352 p., 327 fig’s. 
Harper and Brothers, New York, 1960. Prijs 
$ 7.50. ; 


Dit boek is geschreven als een inleiding in de kristal- 
lographie en de mineralogie voor de amerikaanse le 
en 2e jaars studenten. Zoals vele amerikaanse inleidin- 
gen gaat ook dit boek uit van een minimale voorop- 
leiding bij de lezer. De auteurs baseren de keuze van 
hun stof evenals de wijze van behandeling, op hun 
ervaring aan het Texas Technological College. 

Derhalve biedt het een goede kijk op de amerikaan- 
se opleiding en het peil van de aankomende student 
in Amerika. 

In 85 pagina’s van de 352 wordt de klassificatie 
der kristalvormen uiteengezet. Een summiere bespreking 
van het gebruik van het stereographisch net is als ap- 
pendix opgenomen. Vervolgens geven ze een uitgebrei- 
de practicum handleiding blaaspijpoefening. Het boek 
besluit met een bespreking van een willekeurig aantal 
mineralen, min of meer volgens het systeem dat Dana 
introduceerde. De optische eigenschappen van deze 
mineralen worden niet vermeld, daar het boek geen 
behandeling van het optisch herkennen van mineralen 
bevat. In enkele paragraphen wordt nog iets meege- 
deeld over physische eigenschappen van mineralen, 
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over analyse technieken en over de diverse bindingen. 
De opbouw is niet geheel logisch, daar een behande- 
ling van de structurele eigenschappen voorafgaat aan 
de klassificatie der kristallen, die weer gevolgd wordt 
door een bespreking van de chemische eigenschappen. 
Vooral bij het behandelen van deze stof voor geologen 
lijkt het meer aangewezen de structuur na de vorm 
te behandelen. 

Het is duidelijk dat de auteurs, die beide hun spo- 
ren als geoloog verdiend hebben, zich hebben moeten 
richten naar de mogelijkheden van hun studenten en 
de later in de praktijk aan deze studenten te stellen 
eisen, zodat een compromis ontstond tussen een inlei- 
ding in de mineralogie en de kristallografie enerzijds 
en een duidelijke eenvoudig gehouden practicum hand- 
leiding anderzijds. 

Sep} 


L’Annuaire du Bureau des Longitudes pour Van 
1961. 724 pag. Editeur Gauthier-Villars, Paris, 
1961. Prijs geb. 45 NF. 


Het jaarboek bevat behalve vele tabellen op astrono- 
misch, geodetisch, geophysisch en aardrijkskundig ge- 
bied enige bondige, duidelijke en wetenschappelijk 
goed gefundeerde artikelen. Verschillende van de ta- 
bellen en artikelen wisselen met perioden van twee of 
vier jaar, zodat men na vier jaar een soort systemati- 
sche encyclopedie heeft. 

leder jaar bevat het boek tabellen over de zon (zons- 
opkomst, meridiaandoorgang, ondergang, enz.), over de 
maan, planeten, sterren en getijden, vergelijkingen van 
tijd, artikelen over zon, maan, planeten en gegevens 
over het volgende jaar (dus in dit deel voor 1962). 

De aflevering voor 1961 bevat verder onder meer 
artikelen over kunstmatige satellieten, internationaal 
genormaliseerde eenheden, diverse kalenders, geodesie, 
gravimetrie, aardmagnetisme, zonnephysica en een tabel 
over nauwkeurige radiotijdseinen. 

Verder vindt men in deze aflevering een hoofdstuk 
„Donn&es geographiques et d@mographiques’” met ge- 
gevens over zeeen, bergen, rivieren en over bevolkings- 
aantallen voor de gehele wereld en voor Frankrijk in 
het bijzonder. 

Het lezen in dit boek dat sinds 1796 zonder onder- 
breking is verschenen, is een genoegen mede doordat 
men hierin nog de geest van de Revolutie en van de 


encyclopedisten kan vinden. 
@siden ME: 


CENOOTSCHAPIS ZAK EV 


PERSONALIA 


Nieuwe leden: 

FITZGERALD MOORE, P. — 's-Gravenhage, Carel 
van Bylandtlaan 30. (g) (gk). 

HANTELMANN, J. J. — Utrecht, Oudwijkerlaan 14b. 
(bg) (U.G.V.). 

JOHNSON, E.G.S., M.I.M.E., A. D. — London, E.C. 4, 
32 Queen Victoria Street, Imperial Building. 
(b). 

KEVIE, W. v. d. — Utrecht, Mulderstraat 1. (bg). 

NIJMAN, W. — Amsterdam-Z., Joh. Vermeerstraat 
81 III. (be). 

ÖZEN, Prof. GALIP — Hoogleraar i.d. Mijnbouwkun- 
de a.d. Technische Hogeschool van Istanbul, 
Istanbul, Turkije, P.K. 917 Galata. (m). 

RÖMER, m.i. Ir. B. F. P. — Heerlen, Welterlaan 28. 
(b). 


Nieuwe adressen: 


AGTERBERG, geol. drs. F. P. — Utrecht, Obrecht- 
straat 22. (g) (gk). 
ALEVA, Dr. G. J. J. — Amsterdam-Z Il, Molletstraat 


1211. (e). 
ALPHEN, geol. drs. G. J. VAN — Ingenieur b.d. N.V. 
Philips Gloeilampenfabrieken, Philitefabriek, 


Geldrop, Heibeekstraat 43. (g). 

BOOMER, geol. dts. A. J. — Alger, Algerie, c/o 
C.P.A., 7 Rue Daquerre. (g). 

ENGELBERTS, geol. drs. F. G. — 's-Gravenhage, van 
Beverningkstraat 157. (g). 

FUCHTER, Dr. J. H. G. — Johannesburg, Z. Afrika, 
c/o Geological Department, Anglo American 
Corporation of South Africa Ltd., P.O. Box 
4587. (g) (gk). 

GROENEWEGEN, W. H. R. — Delft, Aan ’t Ver- 
laat 33. (bg) (M.V.D.). 

HOEFLAKEN, geol. drs. J. A. VAN — Amsterdam- 
WII, p/a Fritz Conijnstraat 6 hs. (g). 

HUMALDA VAN EYSINGA, F. W. VAN — Leiden, 
Nieuwe Rijn 95. (bg) (L.G.V.). (in de leden- 
lijst vermeld onder F. W. van Eysinga). 

KLINKENBERG, geogr. drs. K. — Haarlem, Jan 
Haringstraat 22. (g). 

KWANTES, m.i. Ir. C. — Voorburg, Aart van der 
Leeuwkade 164. (bg) (M.V.D.). 

Ingenieur b.d. N.V. B.I.P.M. 

LOOSE, H. — Leiden, Papengracht 28. (bg) (L.G.V.). 

MERLE, H. A. — Delft, Oxde Delft 151. (bg) (M.V.D.). 

METTIVIER MEYER, m.i. Ir. Drs. A. B. — Bergen 
N.H., Eeuwigelaan 25. (g) (K). 

MONTAGNE, Dr. D. G. — Paramaribo, Suriname, 
p/a N.V. Billiton Mij., Postbus 1832. (b). 

NELSON, Dr. H. W. — Regina, Sask., Canada, c/o 
Imperial Oil Ltd., 1825 Me Intyre Street. (g). 

POMPER, A. B. — Eindhoven, Kaakstraat 164. (bg). 

PORRENGA, phys. geogr. drs. D. H. — Rijswijk 
Z.H., Cromhoutlaan 10. (g). 


Be. 


SCHUITMAKER, m.i. Ir. J. J. — Riethoven, N.Br., 
Bisschop Riethoviusdreef 2. (b) (gk) (BR). 
SMITS, m.i. Ir. H. A. R. — 's-Gravenhage, ten Hove- 
straat 51. (m). 
SPEYER, m.i. Ir. A. E. — Arnhem, Ernst Casimirstraat 


27. (b). 

STOLK, m.i. Ir. H. A. — Capelle a.d. IJssel, Kerk- 
laan 8. (8). 

VERBRAECK, geol. drs. A. — Arnhem, Bakenbergse- 
weg 29. (g). 


WICHERTS, phys. geogr. drs. E. — Unionville, Onta- 
rio, Canada, Box 141. (g) (gk). 

WIEBENGA, m.i. Ir. W. A. — Sandringham, Vict. 
Australia, 66 Springstreet. (b). 

WIJMSTRA, T. A. — Leiden, Burggravenlaan 188. 
(bg) (L.G.V.). 


Mutaties: 

BAKKER, m.i. Ir. W. Th. — van (b) (gk) naar (g) (gk). 

BROUWER, geol. drs. H. — van (bg) naar (g) (gk). 

LAAN, m.i. Ir. H. van der — van (m) (K) naar 
(b) K). 


Rectificaties: 

WENT, Mej. A. S. L. — Bloemendaal, Zomerzorger- 
laan 9. (bg) (G.V.A.). 

TAPPE, Ir. F. W. — Uden (i.p.v. Leiden), Cuyck- 
straat 10. (m). 

GROOTJANS, m.i. Ir. W. M. — Terwinselen (i.p.v. 
Kerkrade), Kaalheidersteenweg 274. (m) 
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GRAAF, m.:i. Ir. J. B. van der — (b). 
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TAMPUBOLON, m.i. Ir. L. — (m). 
VROOM, H. J. — (bg) (G.V.A.). 


WIJZIGINGEN STATUTEN EN HUISHOUDELIJK REGLEMENT 


Inliggend in de nieuwe ledenlijst, werden de wijzigingen van Statuten en Huishoudelijk Reglement aan de leden 


toegezonden. 


Zij die nog niet in het bezit zijn van een exemplaar van de Statuten en Huishoudelijk Reglement 
i .e F IN: $) 
aanvragen bij de secretaris van het Genootschap, Paviljoensgracht 72, ’s-Gravenhage. 
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ABONNEMENTSPRIJS van „Geologie en Mijnbouw” voor niet leden f 20,— per jaar voor het 

binnenland en f 22,— per jaar voor het buitenland. De prijs voor losse nummers bedraagt f 2,50 

(voor bijzondere nummers wordt een aparte prijs vastgesteld). Abonnementsgelden en losse nummer 
betalingen te storten op giro 27834 van „Geologie en Mijnbouw” te 's-Gravenhage. 


ADDRESSES: For correspondence concerning the Society: The Secretary, Kon. Ned. Geologisch 
Mijnbouwkundig Genootschap, 72 Paviljoensgracht, The Hague (Netherlands). 

For the purchase of the „Verhandelingen van het Kon. Ned. Geologisch Mijnbouwkundig Genoot- 
schap”, „the Geological Map of the Netherlands” and „the Geological Nomenclature” (for 
members only), the Secretary of the Society, 72 Paviljoensgracht, the Hague (Netherlands). 
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twee jonge veldgeologen 
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Aanvangsbezoldiging: f 710,— p. m. Aanstelling op een hogere bezoldiging is mogelijk ingeval gegadigden kun- 
nen wijzen op geeigende praktijkervaring, terwijl ooK rekening wordt gehouden met volbrachte militaire diensttijd. 
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Zaken voor Nederlands-Nieuw-Guinea, Plein no. 1, Den Haag. 
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Diamantboorkronen van de grootste West-Europese 
fabrikant met de langste ervaring op dit gebied. 


Uitermate gunstige prestaties bij productie, verkenning 
en laboratoriumgebruik. 


Snelle service bij herzetten. Vraagt vrijbliijvend bezoek 
van onze specialisten. 
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Ondergrondse mijnventilator met gedurende stil- 
stand gelijktijdig verstelbare waaierschoepen, 


MIJNVENTILA TOREN capaciteit 400 m? |sec. druk 500 mm w.k. 


Voor onder- en bovengrondse op- 
stellingen levert Stork axiale mijn- 
ventilatoren, met tijdens bedrijf of 


stilstand verstelbare waaierschoe- 


pen. Hiermede kan de capaciteit, HENGELO 


binnen een groot regelgebied, met 


een hoog rendement aangepast wor- Licentienemers o.a. in Amerika, Engeland, 
Frankrijk en Duitsland werken nauw samen 
den aan de bedrijfsomstandigheden. met het research-laboratorium van Stork 
in Hengelo, waardoor ervaring over een 
Rendementen tot 90% zijn bij deze groot gebied en onder verschillende om- 


standigheden wordt verkregen. 


typen normaal. 
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Grootste een-cylinder turbo- 
compressor. Cap. 125.000 m’/h 
bij een drukverhouding van 
1:9. Direct gekoppeld met HD 
Voorspanturbine 71 ata/490°C, 
tegendruk 16 ata. Opgesteld in 
een der Nederlandse Steenko- 
lenmjnen. 


E. M. ELECTROSTOOM N.V. 


POSTBUS 301 — ROTTERDAM -— TEL. 180280 


NINA 


-6.J.M. DIEDEREN 


aanleg van 
gas- en waterleiding 
'riool- en kabelwerken 


N.V. STAALCONSTRUCTIE en MONTAGEBOUW 
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„DEM 


GELEEN (Holland) 
Tel. Sittard (0 4490) 36 46° 


Geleenstraat 4 - Puth-Schinnen - Tel. 04493 - 343 
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Construct 
Gietwerk 


DINXPERLO 


nylon, polyethylene enz. 


N.V. METAALDRAADWEVERI) 


van de grofste tot de fiinste maaswijdtes; 
uit alle weefbare metalen en legeringen 


Ook uit kunststoffen als: 


GEWEVEN GAAS 


Tel. K 1710-26341 


Zuidsingel 66 
Leiden °' 


OPGERICHT 1836 


GROFSMEDERiI) 


N.V. KONINKLIJKE NEDERLANDSCHE 


iizergietwerk tot 
20 ton stukgewicht 
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NV. WERF GUSTO v/h FIRMA A. F. SMULDERS 


SCHIEDAM 
_  TELEFOON ROTTERDAM 
69030 (AL) 69420 (AL) 


TELEFOON 3345 .3346 


SERVICEBEDRIJF VOOR 
DE MINEN 


.  GELEEN 
| 


SKIPVERVOER 
BOVENGRONDSE- 
KOLENVERWERKNG 


WASSERNEN,SYSTEMEN STAMICARBON 
O.A. STAATSMIJNEN CYCLOON- EN 
DRIIFWASPROCEDE'S 


MECHANISCHE KOOLWINNING 
O.A. SCHRAPER- EN SCHAAFINSTAL- 
LATIES 


Bun]; TRANSPORTINRICHTINGEN 
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Leveranties In: 


Nederland, Belgie, Frankrijk en Engeland 


DRILL BITS 


The wide range of Craelius Bits gives the 
possibility of selecting the most suitable type 
and quality for any particular drilling problem 


DRUKKER & Zn. N.V. 


RINGDIJK 2 -— AMSTERDAM — PHONE 50369 - 53068 


DIAMONDS 
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